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ONONDAGA  DAM 
SLOPE  STABILITY  ANALYSIS 


1 .  INTRODUCTION 

1. 1  Authority. 

Authority  for  continuing  evaluation  of  a  completed  civil  works  structure, 
whose  failure  or  partial  failure  would  endanger  the  lives  of  the  public  or 
cause  substantial  property  damage,  is  contained  in  ER  U 10-2-100.  Authority 
for  a  seismic  investigation  is  contained  in  ER  1110-2-1800.  This  stability 
investigation  has  been  performed  in  accordance  with  these  regulations  and 
North  Central  Division  request  contained  in  NCDED-T  1st  Indorsement,  periodic 
Inspection  Report,  Onondaga  Dam  dated  20  December  1978. 

1 . 2  Scope. 

This  report  includes  a  stability  analysis  for  a  cross  section  of  the 
embankment  (to  include  an  evaluation  of  the  slope  protection)  stability  ana¬ 
lysis  of  the  spillway  and  a  seismic  stability  report. 

1.3  Purpose. 

The  purpose  of  this  investigation  is  to  comply  with  ER  1110-2-100, 
"Engineering  and  Design,  Periodic  Inspection  and  Continuing  Evaluation  of 
Completed  Civil  Works  Structures,"  Appendix  A,  paragraph  6d  and  ER 
1110-2-1806,  Engineering  and  Design,  Earthquake  Analysis  for  Corps  of 
Engineers  projects.  These  regulations  call  for  a  review  of  the  stability  of 
principle  structures  based  on  current  criteria  and  a  seismic  evaluation  of 
existing  projects. 

1 . 4  Background. 

The  Onondaga  Dam  Flood  Control  Project  was  authorized  by  the  Flood 
Control  Act  of  1941  (Public  Law  228,  77th  Congress,  1st  Session). 

Construction  of  the  Dam  was  initiated  in  May  1947  and  was  completed  in  August 
1949. 


1 . 5  General  Description  of  Onondaga  Dam. 


Onondaga  Dam  is  located  on  Onondaga  Creek  about  4  miles  southwest  of  the 
southern  limits  of  Syracuse,  NY  (See  Plate  1).  The  structure  consists  of  a 
rolled  earthfill  embankment  with  a  concrete  overflow  side  channel  spillway  on 
the  right  abutment  (See  Plate  2).  The  overall  length  of  the  rolled  fill 
embankment  is  1,782  feet,  having  a  maximum  height  of  67  feet.  A  1,100-foot 
long  spillway  channel  has  been  cut  into  bedrock  along  the  right  abutment. 

For  additional  pertinent  data,  see  Appendix  A. 
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GEOLOGY 


2. 1  Regional  Geology. 

2.1.1  Surflclal  Geology  -  Onondaga  Dam  is  located  in  the  northern  part 
of  the  Allegheny  Plateau  Physiographic  Province.  The  physiographic  province, 
which  lies  immediately  north  of  the  dam,  is  a  region  of  low  relief  and  is 
termed  the  Lakes  Plains  Province.  See  Plate  3  for  locations  of  physiographic 
provinces.  The  Allegheny  Plateau  is  characterized  as  a  region  of  moderate  to 
high  relief  with  elevations  ranging  from  about  2,000  to  4,000  feet  above  sea 
level.  The  topography  of  the  region  has  been  produced  by  erosion  of  the 
underlying  sedimentary  strata  and  later  modified  by  glacial  processes. 

Glacial  deposits  are  relatively  thin  on  the  upland  portions  of  this  province; 
however,  the  prominent  north-south  U-shaped  valleys  have  been  deeply  eroded 
and  filled  by  extensive  moraine,  lacustrine,  and  glacial  outwash  deposits. 
Some  of  the  valleys  are  plugged  at  both  ends  by  glacial  deposits,  thereby 
forming  the  Finger  Lakes,  while  other  valleys  have  subsequently  drained. 

2.1.2  Bedrock  Geology  -  The  stratigraphy  of  central  New  York  consists  of 
relatively  undeformed,  flat-lying  sedimentary  rocks  ranging  in  age  from  Upper 
Ordovician  to  Upper  Devonian.  The  predominant  rock  formations  of  the  region 
consist  of  interbedded  limestone,  sandstone,  and  shale.  The  stratigraphic 
sequence  dips  gently  southward  at  approximately  40  to  30  feet  per  mile  such 
that  the  oldest  units  are  exposed  to  the  north  with  progressively  younger 
formations  exposed  southward.  Devonian  rocks  are  by  far  the  most  extensively 
exposed  in  central  New  York.  Devonian  strata  underlie  all  of  the  Allegheny 
Plateau  region  and  much  of  the  regions  adjacent  to  it.  Carbonates  dominate 
the  Lower  to  Middle  Devonian  with  shales  comprising  the  remainder  of  the  sec¬ 
tion. 

During  the  Pleistocene  Epoch  which  began  about  3  million  years  ago,  central 
New  York  was  covered  by  glacial  ice,  approximately  2  miles  thick.  The  ero- 
slonal  effect  of  the  ice  mass  was  to  deeply  scour  the  valley  of  Onondaga 
Creek  and  other  north-south  trending  valleys.  As  the  ice  receded  northward, 
its  margin  paused  south  of  the  Onondaga  damsite,  depositing  the  Tully 
Moraine,  near  Tully,  NY.  With  continued  northward  withdrawal  of  the  glacial 
ice,  a  thin  veneer  of  ground  moraine  in  the  form  of  glacial  till  was  depo¬ 
sited  over  the  bedrock  surface.  Glacial  lakes  formed  south  of  the  ice  front 
and  filled  the  valleys  north  of  the  Tully  Moraine.  One  of  many  glacial  lakes 
existed  in  the  valley  south  of  Syracuse.  As  the  lake  received  meltwater  from 
the  west,  a  dramatic  series  of  glacial  lake  deltas  were  deposited.  As  the 
glacial  ice  receded  north  into  the  Lake  Ontario  Basin  many  of  the  glacial 
lakes  drained  eastward  into  the  Mohawk  River.  Those  which  did  not  drain 
formed  the  present  day  Finger  Lakes. 

2.1.3  Structural  Geology  -  Generally,  the  sedimentary  rocks  in  the  area 
are  horizontally  bedded  with  a  regional  dip  of  approximately  1/2“  to  the 
south.  Superimposed  on  this  dip  are  low  amplitude  anticlines  and  synclines 
and  faults  of  low  displacement.  The  folds  in  the  Syracuse  and  central  New 
York  region  are  related  either  to  mild  compression  as  a  result  of  the 
Appalacian  Orogeny  or  to  removal  of  salt  and  gypsum  in  the  Salina  and  Bertie 
Groups  due  to  migrating  groundwater.  Some  of  the  smaller  folds  may  be  the 
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result  of  subsidence.  A  number  of  small  faults  occur  in  the  Syracuse 
central  New  York  region.  They  are  all  small  in  lateral  extent  and  displace¬ 
ment  or  offset.  Generally,  they  strike  N70°W,  dip  southward  and  are  thrust 
faults  that  form  due  to  compression.  The  overlying  glacial  deposits  are  not 
offset,  indicating  that  no  motion  has  taken  place  on  these  faults  since  the 
last  ice  retreat. 

The  joint  system  in  the  Syracuse  region  contains  two  main  sets,  one  nearly 
north-south  and  the  other  nearly  east-west.  Most  of  the  joints  in  these  sets 
are  nearly  vertical.  Two  minor  sets  that  strike  northeast  and  northwest  are 
also  present. 

In  central  New  York,  small  dikes  from  a  few  inches  to  a  few  feet  wide  occupy 
the  north-south  joint  set.  They  are  composed  of  kimberlite  and  alnoite,  a 
high  temperature,  ultra-basic  igneous  rock  high  in  iron  and  magnesium  silica¬ 
tes  and  low  in  aluminum  silicates  such  as  potash  feldspars. 

2.1.4  Earthquake  Activity  -  Between  1720  and  1980,  more  than  330  earth¬ 
quakes  with  a  maximum  Modified  Mercalli  Intensity  (Io)  greater  than  II  are 
known  to  have  occurred  in  New  York  State  (Mitronovas,  1981).  New  York  State 
has  been  subdivided  into  three  areas,  a  relatively  high  seismic  activity 
separated  by  a  large  area  of  very  low  or  no  activity  in  the  center  of  the 
State  (which  includes  the  Onondaga  Dam  site). 

Details  regarding  the  distribution  of  earthquakes,  the  evaluation  for  active 
faults  and  the  intensity  and  effects  of  earthquake  shaking  at  Onondaga  Dam 
are  summarized  in  "Report  on  Seismic  Stability,  Onondaga  Dam,  New  York: 
Geological  and  Seismological  Investigations  at  Onondaga  Dam,  New  York" 
(Attachment  2).  This  report  concludes  that  the  dam  is  situated  in  an  area 
that  is  structurally  simple  and  tectonically  stable. 

2. 2  Site  Geology. 

2.2.1  Surficial  Geology 

2. 2. 1.1  General  -  Geologic  conditions  at  the  dam  e  have  been  largely 
influenced  by  the  advance  and  waning  of  continental  ice  sheets  during  the 
Pleistocene.  Plate  4  shows  the  local  surficial  geology.  With  recession  of 
the  glacial  ice,  a  large  terminal  moraine  was  deposited,  filling  the  valley 
at  Tully  and  blocking  drainage  to  the  south.  As  the  ice  slowly  retreated 
northward,  vast  quantities  of  meltwater  flowed  eastward  along  the  front  of 
the  glacier,  ponding  a  preglacial  lake  In  the  valleys  south  of  Syracuse.  The 
eastward-moving  currents  poured  into  Unondaga  Valley  through  the  well-defined 
Cedarvale  Channel  near  West  Onondaga,  carrying  large  amounts  of  sediment 
which  were  rapidly  deposited  in  a  large  delta  at  the  point  of  entry  into  the 
lake.  As  the  ice  receded  further,  lake  outlet  channels  to  the  east  were 
uncovered  at  progressively  lower  elevations.  This  caused  the  delta  to  grow 
outward  in  a  series  of  descending  steps.  Finally,  the  lake  waters  completely 
disappeared  and  the  existing  drainage,  including  Onondaga  Creek,  formed. 

At  the  dam  site,  Onondaga  Creek  flows  almost  due  north  through  a  narrow 
steep-walled,  post  glacial  valley.  The  valley  floor  at  the  dam  site  consists 
of  a  floodplain  approximately  600  feet  wide. 
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2. 2. 1.2  Fluvial  Overbank  Deposits  -  The  fluvial  overbank,  deposits 
consist  of  gray  and  brown  fine  sandy  silt,  clay  to  silty  clay,  with  an 
occasional  layer  of  silty  fine  sand,  small  amounts  of  organic  material,  and 
are  the  original  near-surface  soils  of  the  valley  bottom.  See  Plates  7  and  8 
for  the  extent  of  this  material.  Laboratory  test  results  indicate  the  flu¬ 
vial  overbank  deposits  consist  of  0-10  percent  fine  gravel,  15  to  37  percent 
sand,  25-40  percent  silt,  and  25  to  60  percent  clay.  As  a  result  of  the 
visual  descriptions  and  laboratory  test  results,  the  fluvial  overbank  depo¬ 
sits  would  be  classified  as  ML,  CL,  and  SM  soils  according  to  the  USCS. 

These  are  the  weakest  soils  in  the  dam  foundation.  Appendix  B  summarizes  the 
soil  strength  parameters. 

2.2. 1.3  Deltaic  Deposits  -  Deltaic  deposits  underlie  the  overbank  depo¬ 
sit  in  each  of  the  recent  test  borings  and  generally  consist  of  brown,  silty, 
coarse  to  fine  sand,  gravel,  to  coarse  to  fine,  sandy  gravel,  silt,  with 
occasional  layers  of  medium  to  fine  sand.  Plates  7  and  8  show  the  extent  of 
the  deltaic  deposits.  Grain  size  distribution  curves  of  this  deposit  indi¬ 
cate  the  material  consists  of  0  to  49  percent  gravel,  36  to  73  percent  sand, 
and  9  to  27  percent  silt.  As  a  result  of  the  above  visual  descriptions  and 
laboratory  test  results,  the  deltaic  deposits  would  be  classified  as  GM,  GW, 
SW,  SM,  and  SP  soils,  according  to  the  USCS.  For  the  discussion  of  soil 
strength  parameters,  see  Appendix  B. 

2.2. 1.4  Lacustrine  Deposits  -  Lacustrine  sediments  underly  the  deltaic 
deposits.  These  sediments  consist  of  red-brown,  silty  fine  sand,  coarse  to 
medium  sand  and  fine  gravel,  to  silty  clay,  coarse  to  fine  sand,  with  occa¬ 
sional  layers  of  coarse  to  fine  sand,  gravel,  and  silt.  The  extent  of  the 
lacustrine  deposits  are  shown  on  Plates  7  and  8.  Grain  size  distributions  of 
representative  samples  of  coarser  portions  of  this  deposit  (silty  fine  sand) 
contained  60  to  72  percent  fine  sand  and  28  to  40  percent  silt.  The  hydro¬ 
meter  analysis  of  silty  clay  consisted  of  10  percent  sand,  30  percent  silt, 
and  60  percent  clay.  As  a  result  of  the  above  visual  descriptions  and 
laboratory  test  results,  the  lacustrine  deposits  would  be  classified  as  SM, 
SP,  ML,  and  CL,  according  to  the  USCS.  For  the  discussion  of  soil  strength 
parameters,  see  Appendix  B. 

2. 2. 1.5  Glacial  Till  -  Glacial  till  underlies  the  lacustrine  deposit. 
Descriptions  of  recovered  samples  range  from  gray,  gravelly,  coarse  to  fine 
sand,  silt  to  brown,  fine  sandy  silt,  coarse  to  medium  sand  and  gravel. 
Numerous  cobbles  and  boulders  were  indicated  during  casing  advance  and 
sampling.  No  grain  size  distributions  of  this  deposit  were  obtained.  As  a 
result  of  the  above  visual  descriptions,  the  glacial  till  would  be  described 
as  SM,  GM,  and  GW  soils,  according  to  the  USCS. 

2.2.2  Bedrock  Geology 

2.2.2. 1  Dam  -  The  stratigraphic  sequence  of  rocks  exposed  in  the  vici¬ 
nity  of  the  dam  is  represented  by  Lower  and  Middle  Devonian  Limestone  and 
shales  of  the  Helderberg  Group,  Onondaga  Limestone,  and  Hamilton  Group. 

Plate  5  shows  the  bedrock  geology  of  central  New  York  State.  The  Onondaga 
Limestone  is  exposed  in  the  walls  of  the  spillway  cut.  In  this  region,  the 
Onondaga  Formation  is  described  as  a  series  of  light  bluish  grey 
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semi -crystalline  limestone  occurring  In  even  continuous  layers  from  1  Inch  to 
2  feet  thick,  separated  by  thin  seams  of  dark  calcareous  shales.  Flattened 
nodules  of  dark  blue  or  black  chert,  sometimes  in  continuous  sheets  or  beds, 
are  unevenly  distributed  throughout  the  formation,  but  la  predominant  In  the 
upper  part. 

The  total  thickness  of  the  Onondaga  Limestone  Is  approximately  70  feet.  The 
formation,  subdivided  into  five  members,  from  older  to  younger  are:  the 
Edgecliff  Member,  the  Nedrow  Member,  the  Moorehouse  Member,  the  Tioga 
Bentonite  Member,  and  the  Seneca  Member.  Borings  indicate  that  the  top  of 
rock  occurs  at  117  feet  or  deeper  along  the  central  portion  of  the  dam 
embankment . 

2. 2. 2. 2.  Spillway  -  Both  the  Nedrow  and  overlying  Moorehouse  Members  are 
exposed  within  the  spillway  cut  at  Onondaga  Dam.  The  Nedrow  Member  is 
characterized  as  medium  grey,  thin  bedded,  shaly  limestone.  A  small  amount 
of  chert  Is  unevenly  distributed  at  the  top  of  the  unit.  The  Nedrow  is  about 
10  feet  thick  and  gradational  with  the  overlying  Moorehouse  Member.  The 
Moorehouse  is  described  as  a  medium  grey,  very  fine  grained  limestone,  with 
2-inch  to  5-foot  thick  beds  separated  in  many  places  by  thin  shale  partings. 
Chert  is  common,  but  is  variable  in  amount.  The  total  thickness  of  the 
Moorehouse  Member  is  about  25  feet. 

Testing  of  rock  was  not  conducted  for  the  design  analysis  of  the  spillway. 
Strength  parameters  and  permeability  were  not  determined. 

Based  upon  the  descriptions  of  the  rock  from  the  1945  subsurface  exploration 
program,  numerous  horizontal  and  vertical  seams  are  present.  Generally,  the 
material  appears  unweathered. 

2.2.3  Structural  Geology 

2. 2. 3.1  Structural  Deformations  -  Bedrock  in  the  study  area  exhibits  a 
gentle  dip  of  1/2°  to  the  south.  A  gentle  anticline  is  exposed  in  the 
spillway  cut  at  the  dam.  The  Manllus-Onondaga  Contact  rises  to  a  maximum  of 
12  feet  above  the  floor  of  the  valley  from  the  spillway  northward,  then 
descends  further  northward  such  that  it  is  near  creek  level  at  the  northern 
extremity  of  the  exposure. 

2. 2. 3. 2  Joints  -  The  joint  system  in  the  study  area  contains  two  main 
sets,  one  nearly  north-south  and  the  other  nearly  east-west.  Most  of  the 
joints  are  nearly  vertical.  Two  minor  sets  that  strike  northeast  and  north¬ 
west  are  also  present.  The  results  of  the  1945  subsurface  exploration 
program  describe  the  rock  core  as  containing  numerous  horizontal  and  ver¬ 
tical  seams.  Orientations  of  these  defects  were  not  discussed. 

2. 2. 3. 3  Faults  -  A  number  of  small  faults  occur  in  the  general  vicinity 
of  central  New  York;  however,  none  were  identified  specifically  at  the 
project  site. 


2. 2. 3. 4  Dikes  -  Dikes  have  been  identified 
central  New  York.  None  have  been  identified  at 


in  isolated  locations  in 
the  project  site. 
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2.3  Groundwater. 


Borings  that  were  conducted  for  the  original  design  analysis  in  1945 
along  the  dam  embankment  indicate  an  artesian  flow  of  sulphur  water  occurred 
in  the  Manlius  Limestone.  The  flow  was  spontaneous  with  little  pressure 
after  the  first  run,  but  increased  slightly  and  became  constant  after 
drilling  a  total  of  10  feet  into  rock.  The  overflow  amounted  to  1/2  gallon 
per  minute  through  a  2-1/2-inch  casing.  The  flow  was  sealed  in  the  rock  with 
Oakum  and  Portland  cement.  Artesian  flow  of  sulphur  water  from  the  overbur¬ 
den  was  also  encountered  at  a  depth  of  55  feet  in  one  hole  and  in  105  feet  in 
another  hole.  These  holes  were  both  sealed  with  Oakum  and  backfilled  after 
the  casing  was  pulled  to  prevent  seepage. 

The  left  portion  of  the  dam  rests  against  a  steeply  pitching  deltaic  terrace. 
This  terrace  is  capped  with  a  40-foot  layer  of  pervious  sandy  gravel  underlain 
by  a  uniform  sand  bed  averaging  45  feet  in  thickness.  Immediately  below,  a 
bed  of  red  silty  clay  occurs,  20  feet  thick,  serving  as  an  impervious  barrier 
to  groundwater  seepage.  Plates  7  and  8  show  this  sequence  of  sediments.  The 
thick  sand  beds  also  serve  as  a  reservoir  for  subsurface  drainage,  and  a 
perched  water  table  has  been  formed  with  springs  issuing  from  the  terrace 
front.  The  perched  water  table  was  found  at  a  depth  of  71.0  feet  in  the  uni¬ 
form  sand  above  the  silty  clay  stratum.  Groundwater  was  not  encountered 
again  after  the  casing  reached  the  clay  stratum.  This  perched  water  table 
probably  has  seasonal  variations  and  finds  outlet  in  seepage  about  halfway 
down  the  slope.  The  seepage  upstream  of  the  dam  flows  through  the  riprap 
slope  protection  to  a  cutoff  trench  at  the  base.  It  then  runs  to  the  creek 
channel.  Downstream  of  the  dam,  the  water  runs  along  the  rock  toe  to  the  old 
creek  bed  and  runs  northward  untill  it  merges  with  the  creek  channel. 

At  the  time  of  the  dam  construction,  a  series  of  piezometers  and  settlement 
gages  were  installed.  The  settlement  gages  were  constructed  such  that  sub¬ 
surface  water  level  readings  could  also  be  obtained.  Readings  indicated  a 
subsurface  water  level  of  approximately  460+  to  465+,  closely  corresponding 
to  the  original  ground  surface.  Plate  7  shows  where  groundwater  was  encoun¬ 
tered  in  the  1982  subsurface  explorations.  During  the  1982  subsurface 
exploration  program,  regular  water  level  observations  were  made  during 
drilling  operations  and  the  water  level  in  adjacent  settlement  gages  were 
measured.  These  levels  correspond  closely  with  the  original  ground  surface. 

Twelve  piezometers  were  installed  to  measure  the  porewater  pressures  under 
the  downstream  toe  of  the  dam.  Eight  are  located  in  the  downstream  rock  toe 
of  the  dam  embankment,  and  four  are  located  behind  the  east  wall  of  the 
spillway.  The  stability  of  the  embankment  slope  depends  on  the  porewater 
pressure  realized. 

Since  the  construction  of  the  dam,  water  storage  has  never  exceeded  about 
one-third  of  the  depth  below  spillway  crest.  Saturation  levels  are  generally 
low  because  of  the  prevailing  low  stage.  Drainage  of  the  spillway  wall  back¬ 
fill  is  provided  by  a  perforated  pipe  drain  and  filter  at  the  heel  of  the 
wall.  The  four  piezometers  behind  the  wall  have  not  shown  water  levels 
higher  than  the  drain  elevation  which  was  also  used  as  the  design  saturation 
level. 


3.  EMBANKMENT  STABILITY  ANALYSIS 


3.1  General. 

The  stability  analysis  was  performed  using  EM  1110-2-1902  and  WES  Slope 
Stability  Program  I0U09.  The  WES  program  utilizes  the  Modified  Swedish 
Method.  In  this  program,  the  sliding  mass  is  divided  into  finite  slices  and 
a  number  of  circular  failure  arcs  are  investigated  to  determine  which  is  the 
most  critical.  In  the  Modified  Swedish  Method,  the  earth  forces  acting  on 
the  sides  of  the  slice  are  considered.  The  direction  of  these  side  forces  is 
assumed  to  be  parallel  to  the  average  slope  of  the  embankment  and  are  changed 
to  horizontal  at  the  heel  and  toe.  The  program  conducts  a  systematic  search 
for  the  critical  slip  circle  tangent  to  a  specified  depth.  By  varying  the 
tangent  elevation  and  the  grid,  the  minimum  factor  of  safety  can  be  obtained. 
The  grid  was  generally  between  9  and  25  points  per  tangent  elevation  in  order 
to  insure  that  the  minimum  factor  of  safety  was  within  the  inside  of  the  grid 
\  The  WES  program  is  also  designed  to  handle  all  cases  outlined  in  the  EM  with 

i  the  exception  of  Case  VI  -  Surcharge  Pool. 

3.2  Stability  Criteria. 

The  stability  criteria  for  earth  dams  is  set  forth  in  EM  1110-2-1902. 

The  minimum  factor  of  safety  for  each  case  is  given  in  Table  3.1 

Table  3.1 


Case 

Numbe  r 

Design  Condition 

Minimum 
Factor  of 
Safety 

Remarks 

I 

End  of  Construction 

1.3 

Upstream  and  Down¬ 
stream  Slopes 

II 

Sudden  Drawdown  From  Maximum 

Pool 

1.0 

Upstream  Slope 

III 

Sudden  Drawdown  From  Spillway 
Crest 

1.2 

Upstream  Slope 

IV 

Partial  Pool  With  Steady  Seepage 

1.5 

Upstream  Slope 

V 

Steady  Seepage  With  Maximum 
Storage  Pool 

1.5 

Downstream  Slope 

VI 

Steady  Seepage  With  Storage  Pool 

1.4 

Downstream  Slope 

VII 

Earthquake  (Cases  I,  IV,  and  V 
With  Seismic  Loading) 

1.0 

3.3  Selection  of  Cross  Section. 


The  cross  section  used  in  the  analysis  is  at  Station  6+02.  This  section 
was  selected  based  on  the  following: 

-  It  is  in  the  area  of  maximum  embankment  height. 

-  Cross  sectional  data  was  readily  available. 

-  It  is  at  a  location  where  a  recent  subsurface  exploration  was  con¬ 
ducted  . 


3.4  Selection  of  Soil  Parameters. 


The  embankment  cross  section  and  foundation  details  are  shown  on  Plate  8. 
The  parameters  selected  for  the  analysis  are  listed  in  Taole  3.4.1.  The 
rationale  for  these  selected  parameters  is  in  Appendix  B.  A  detailed 
description  of  the  foundation  materials  is  in  paragraph  2.2.1. 

The  embankment  is  primarily  made  up  of  random  fill  materials  excavated  from 
borrow  areas  in  the  vicinity  of  the  dam.  The  random  fill  materials  may 
generally  be  described  as  brown,  silty  coarse  to  fine  sand  and  gravel  with  an 
occasional  layer  of  medium  to  fine  sand  and  coarse  to  fine  sandy  gravel. 
Samples  consist  of  34  to  56  percent  gravel,  31  to  39  percent  sand,  and  13  to 
28  percent  silt.  As  a  result  of  the  above  visual  descriptions  and  laboratory 
test  results,  the  random  fill  materials  would  be  classified  as  CM,  Sll,  or  SP 
soils,  according  to  the  Unified  Soils  Classification  System  (USCS).  These 
materials  are  considered  to  be  relatively  pervious  and  compact  to  very  com¬ 
pact. 

Table  3.4.1 


Soil  Type 

c 

0 

Unit  Weight 

Sat  (pcf) 

Embankment 

Riprap 

0 

40° 

105 

Random  Fill 

0 

36° 

145 

Impervious 

0 

34° 

145 

Foundation 

Fluvial  Overbank 

0 

23° 

105 

Deltaic  Deposit 

0 

35° 

119 

Lacustrine 

0 

27° 

124 

These  parameters  are  based  on  test  results  and  boring  log  descriptions  from 
the  original  subsurface  exploration  and  testing  program,  and  on  a  Corps  of 
Engineers  subsurface  exploration  program  conducted  in  July  and  August  1982. 
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3.5  Results  of  the  Analysis. 

Table  3.5.1  summarizes  the  results  of  the  analysis.  Discussions  of  indi¬ 
vidual  case  are  contained  in  paragraph  3.7. 

Table  3.5.1 


Case 

Condition 

Min. 

F.O.S 

Calculated 

F.O.S 

i 

As  is  (No  Pool)  US  Slope 

1.3 

2. 13 

US  Slope 

1.3 

1.65 

ii 

Sudden  Drawdown  From  Maximum  Pool  - 
US  Pool 

1.0 

1.25 

in 

Sudden  Drawdown  From  Spillway 

Crest  -  US  Pool 

1.2 

1.34 

IV 

Partial  Pool  With  Steady  Seepage  - 
US  Slope 

1.5 

1.83 

V 

Steady  Seepage  With  May  Storage 

Pool  -  DS  Slope 

1.5 

1.51 

VI 

Steady  Seepage  With  Surcharge  Pool  - 
DS  Slope 

1.4 

NA* 

VII 

Earthquake  Cases  I  (US,  DS)  VI,  V 

1.0 

1.8,  1.4, 

1.5,  1.3** 

*  See  Paragraph  3.7.6 
**  See  Paragraph  3.7.7 


The  input  data  files  used  in  the  computer  analysis  and  a  sample  output  run 
are  contained  in  Appendix  D.  It  should  be  noted  that  for  the  analysis  the 
cross  sections  were  simplified  somewhat  in  order  to  codify  the  soil  profiles. 
In  general,  for  the  upstream  slope  cases,  the  simplifications  included: 

-  elimination  of  the  riprap  slope  protection  and  filter  layer. 

-  simplification  of  the  geometry  of  the  impervious  layer. 

-  elimination  of  downstream  slope  features  (i.e.  riprap  toe  and  variable 
slope). 

The  downstream  slope  simplification  includes: 

-  elimination  of  filter  layer. 

-  simplification  of  the  riprap  toe  geometry. 

-  elimination  of  upstream  slope  features. 
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A  more  detailed  discussion  is  contained  in  subsequent  paragraphs 


3.6  Hand  Check  of  the  Results. 


The  results  of  the  computer  analyses  were  checked  by  hand  using  the 
Simplified  Bishops  Method.  This  method  was  chosen  for  ease  of  hand  calcula¬ 
tion  and  to  provide  a  check  by  an  alternate  stability  method.  The  hand  calcu¬ 
lation  checks  were  made  on  the  critical  slip  surfaces  obtained  by  computer. 

The  calculations  are  contained  in  Appendix  C.  Table  4.4.2  summarizes  the 
results. 


Table  4.4.2 


Case  : 

Factor 

of  Safety 

Min. 

Computer  : 

Hand  Check 

I 

US 

1.3 

2.13 

2.10 

I 

DS 

1.3 

1.65 

1.68 

II 

1.0 

1.25 

1.02 

III 

1.2 

1.34 

.1.28 

IV 

1.5 

m 

CO 

• 

1.4 

V 

1.5 

1.51 

1.37 

While  the  factors  of  safety  for  Case  IV  and  V  are  less  than  the  minimum 
required,  it  is  not  considered  to  be  significant  because  of  the  conser¬ 
vativeness  of  the  assumptions  and  these  cases  are  not  considered  critical  for 
the  dam  (see  paragraphs  3.7.4  and  3.7.5). 

3.7  Discussion  of  Individual  Cases. 


3.7.1  Case  I  - 


3. 7. 1.1  Upstream  Slope  -  The  tangent  elevation  of  the  slip  surface  was 
varied  from  424'  to  484'  (see  Figure  1A).  The  results  indicate  that  the  slip 
surface  "walks  out"  due  to  the  lack  of  a  cohesion  value  for  the  materials. 

The  significance  is  that  the  lowest  factor  of  safety  represents  only  a  very 
shallow,  noncritical,  failure  surface.  Therefore,  for  this  analysis  the 
minimum  factor  of  safety  chosen  was  for  the  first  slip  circle  that  was  con¬ 
sidered  to  be  "significant"  (i.e,  that  would  encompass  a  significant  portion 
of  the  embankment,  where  failure  would  endanger  the  structure).  The  factor 
of  safety  for  this  slip  circle  is  2.13.  The  water  level  was  taken  to  be 
groundwater  only  and  the  elevation  used  is  just  above  the  embankment  foun¬ 
dation  line. 
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3. 7. 1.2  Downstream  Slope  -  The  tangent  elevations  for  the  slip  circles 
was  varied  from  422'  to  462'  (see  Figure  IB).  The  minimum  factor  of  safety 
obtained  was  1.63.  "Walking  out"  was  not  encountered  in  this  or  any  otner 
subsequent  downstream  analysis. 

3.7.2  Case  II  Sudden  Drawdown  From  Maximum  Fool  -  The  sudden  drawdown 
case  assumes  that  steady  seepage  is  occurring  (the  phreatic  line  is  assumed 
to  be  horizontal)  and  the  pool  is  drawn  down  from  a  maximum  pool  elevation  of 
520.4'  to  approximately  ground  level,  470’  (see  Figure  2).  This  is  the  most 
critical  case  for  Onondaga  Dam,  which  under  flood  conditions  would 
experience  rapid  changes  in  pool  elevation.  Figures  7  and  8  show  that  the 
expected  drawdown  rate  is  approximately  80  hours  from  maximum  pool  to  spillway 
crest  elevation  and  then  11  days  to  drawdown  the  remainder  of  the  pool  to 
normal  levels  (i.e.  no  pool).  The  slip  circle  again  exhibited  "walk  out"  and 
a  failure  surface  was  chosen  as  in  Case  1  at  a  point  where  failure  would 
endanger  the  embankment.  The  minimum  factor  of  safety  obtained  was  1.25. 

3.7.3  Case  III  Sudden  Drawdown  for  Spillway  Crest  Elevation  -  This  case 
is  the  same  as  Case  II.  The  minimum  factor  of  safety  obtained  was  1.34  (see 
Figure  3). 

3.7.4  Case  IV  -  Partial  Fool  with  Steady  Seepage  -  The  partial  pool  case 
examines  the  upstream  slope  stability  for  various  pool  levels.  Steady 
seepage  conditions  are  assumed  and  the  phreatic  line  is  assumed  to  be  hori¬ 
zontal  (see  Figure  4).  For  each  failure  surface  the  pool  elevation  is  varied 
and  the  minimum  factor  of  safety  is  chosen.  The  minimum  factor  of  safety 
obtained  was  1.83  for  the  failure  surface  that  would  endanger  the  embankment. 

3.7.5  Case  V  Steady  Seepage  with  Maximum  Storage  Pool  -  It  is  unlikely 
that  a  condition  of  steady  seepage  would  occur  at  the  dam  because  of  the 
rapid  rise  to  and  drawdown  from  maximum  pool  expected  at  the  site  (para. 

4.6.2  above).  The  case  was  examined  however,  and  a  phreatic  surface  drawn 
(see  Figure  5).  The  main  portion  of  the  dam  consists  of  pervious  materials. 
This  portion  of  the  embankment  is  approximately  300  times  more  pervious  than 
the  sloping  impervious  core  (see  Appendiy  B).  The  main  portion  of  the  dam 
would,  therefore,  drain  freely  to  a  level  equaling  the  tailwater  (see 
reference  9,  Chapter  6).  The  tailwater  at  the  dam  is  the  result  of  backwater 
effects  of  flow  downstream  of  the  embankment  (see  Figure  7).  The  minimum 
factor  of  safety  obtained  for  this  case  was  1.51. 

3.7.6  Case  VI  -  Steady  Seepage  with  Surcharge  Pool  -  The  surcharge  pool 
case  assumes  that  there  is  a  rapid  increase  in  the  pool  height  while  the 
phreatic  surface  remains  constant.  In  the  case  of  Onondaga  this  would  be  a 
rapid  increase  from  no  pool,  to  maximum  storage  pool.  The  weight  of  the 
water  would  be  added  to  that  portion  of  the  failure  surface  that  it  affects. 
The  critical  failure  surface  for  the  no  pool  case  does  not,  however,  intersect 
the  upstream  slope.  An  examination  of  failure  surfaces  that  would  intersect 
the  upstream  slope  reveals  relatively  high  factors  of  safety  (1.8  -  3.9).  It 
can  be  seen  on  Figure  6  that  the  effect  of  the  additional  water  weight  on 
these  failure  surfaces  would  be  minimal.  This  case  is,  therefore,  not  criti¬ 
cal  for  the  dam.  The  minimum  factor  of  safety  would  be  the  same  as  that  at 
case  I  DS,  1.65. 
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3.7.7  Case  VII  Earthquake  (Cases  I,  IV,  and  V)  -  ETL  1110-2-301  states 
that  this  case  is  no  longer  valiu  for  embankment  dams.  It  was,  however,  eva¬ 
luated  using  the  computer  program  and  the  critical  slip  circles  for  Cases  1, 
IV,  and  V.  It  is  included  in  the  analysis  for  informational  purposes  only 
and  is  not  supported  by  hand  computation.  For  further  information  on  t  e 
seismic  stability  of  the  embankment  see  paragraph  3.5  above  and  reference  7. 

4.  SPILLWAY  STABILITY  ANALYSIS 


An  evaluation  of  the  stability  of  the  side  channel  spillway  was  submitted 
after  the  26  September  1978  Periodic  Inspection  of  Onondaga  Dam  as  an  attach¬ 
ment  to  Period  Inspection  Report  No.  3.  It  was  approved  by  NCDED-T  1st 
Indorsement  dated  25  March  1979.  The  analysis  is  extracted  and  attached  as 
Attachment  1. 

The  spillway  stability  analysis  examined  the  sliding  stability  of  the 
concrete  spillway  using  EM  1110-2-2200.  The  analysis  examined  the  structure 
under  a  variety  of  loading  and  uplift  conditions.  Two  separate  failure  nudes 
were  assumed:  one  at  the  concrete  bedrock  contact  and  the  other  along  a  plane 
through  the  rock  below  the  spillway.  The  following  Table  4.4.3  summarizes 
the  results. 
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Table  4. 4. 3 


Concrete  -  Rock  Sliding  Coefficient 


Allowable 

Calculated 

Within 

Middle  Third 

Case  I 

0.65 

0.41 

Yes 

Case  XI 

0.65 

0.43 

Yes 

Case  III 

0.65 

0.23 

Yes 

Remarks 


1.  Headwater  at 
MAX  Pool,  52U. 3 ' 

2.  Full  Hydrostatic 
pressure  against 
the  upstream  face. 

3.  Tailwater  at  497.5'. 

4.  Uplift  100  percent 
HW  at  heel  to  100 
100  percent  at  Toe. 

1 ,  2 ,  3  as  above. 

4.  Uplift  100  percent 
HW  at  heel  to  0  per¬ 
cent  at  toe. 

1,  2,  4,  as  in  Case  1. 

3.  TW  at  504.5’. 


Rock  - 

Rock  Sliding  Coefficient 

Allowable 

Calculated 

Within 

Middle  Third 

Remarks 

Case  I 

0.30 

0.26 

Yes 

1,  2,  3,  4,  as  in 

Case  I  above. 

Case  11 

0.30 

NA 

See  Appendix  F. 

Case  III 

0.30 

0.10 

Yes 

1 ,  2 ,  3 ,  4  •  Same  as 
Case  III  above. 

Case  IV 

0.30 

0.28 

No* 

1 ,  2 ,  4 .  Same  as 

Case  I.  3  TW  at  485.4' 

Case  V 

0.30 

0. 16 

Yes 

1.  HW  at  504.5’. 

2.  4  Same  as  Case  11. 

3.  TW-0 

♦Resultant  is  .75  feet  outside  the  middle  third. 


The  report  concluded  that  the  calculated  sliding  friction  was  less  than  the 
allowable  and  the  resultant  was  either  within  the  middle  or  close  to  it. 
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5.  SEISMIC  STABILITY  STUDY 


In  1982,  a  study  was  conducted  to  determine  the  maximum  earthquake  that 
would  effect  the  site  and  to  assess  the  earthquake  effects  on  the  dam.  The 
study  was  performed  by  Haley  &  Aldrich  of  New  York  under  contract  number  DACW 
49-81-D-OOll  dated  13  October  1981.  This  report  was  submitted  by  the  Buffalo 
District  and  approved  by  NCDED-G  1st  Indorsement  dated  5  April  1983  subject 
to  minor  revisions.  Attachment  2  is  a  copy  of  this  report  which  includes  the 
recommended  revisions.  The  study  included  geological,  seisnoiogical  and  sub¬ 
surface  investigations,  and  geotechnical  engineering  analyses.  The  study 
consisted  of  the  following  elements: 

-  An  evaluation  of  the  regional  and  local  geology 

-  Performance  of  subsurface  explorations  and  laboratory  testing  to 
further  define  the  nature  and  density  of  soil  deposits 

-  An  evaluation  of  the  regional  and  local  tectonic  history  with  respect 
to  structural  deformation  including  faults 

-  A  review  of  historical  regional  seismicity 

-  The  determination  of  the  maximum  earthquake  that  will  affect  the  site 

-  An  assessment  of  earthquake  effects  on  the  dam,  including  an  evaluation 
of  liquefaction  potential  of  the  subsurface  soils 

The  report  concluded  that  the  dam  is  located  in  an  area  that  can  be  described 
as  being  nearly  aseismic.  The  maximum  earthquake  intensity  expected  is  VI 
(Modified  Mercalli  Intensity)  with  a  peak  horizontal  ground  acceleration  of 
0.05g  in  rock  and  0.06g  in  soil.  The  report  went  on  to  conclude  that: 

"...The  embankment  and  foundation  soils  are  not  considered  to  be 
susceptable  to  liquif ication. . .  Minor  seismically-induced  settle¬ 
ment  of  the  embankment  and  subsoils  may  occur,  but  the  settlement 
will  not  be  detrimental  to  the  performance  of  the  structure." 

6.  SLOPE  PROTECTION  EVALUATION 

9.1  General. 


The  upstream  slope  of  Onondaga  Dam  is  protected  by  a  36-inch  thick 
dumped  layer  of  riprap  that  was  excavated  from  the  spillway  channel 
during  construction  of  the  dam.  This  stone  is  breaking  up  thereby 
reducing  the  protection  that  it  affords  the  dam.  Reduction  in  size  is 
estimated  to  be  more  than  50  percent.  See  Figures  10  through  13. 

The  design  gradation  curve  for  the  riprap  is  at  Figure  14.  The  rationale 
behind  this  gradation  specification  is  not  apparant;  however,  Sherard 
(Reference  17)  reports  that  in  the  mid  1940's  it  was  commonly  considered  that 
a  dumped  riprap  layer  of  36  inches  was  satisfactory  under  any  wave  action. 
Therefore,  it  is  assumed  that  the  design  was  adequate. 
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An  analysis  using  the  current  Corps  criteria  as  outlined  in  EM  1! 10-2-2300 
and  ETL  1110-2-120  is  necessary  for  comparison  to  the  original  design  speci¬ 
fications.  An  evaluation  must  then  be  made  to  determine  the  effect  of  the 
breakup. 


6.2  Wave  Analysis. 

A  wave  analysis  for  Onondaga  Dam  was  performed  and  is  at  Appendix  E. 
The  recommended  maximum  wave  height  for  Onondaga  Dam  is  2  feet. 


6.3  Gradation  requirements. 


Using  EM  1110-2-2300,  and  ETL  1110-2-120, 
average  value  of  the  slope  of  the  embankment, 
the  following  gradation  is  obtained: 


a  specific  gravity  of  2.65,  an 
and  a  wave  height  of  2  feet, 


Median  rock  size  WA 
Riprap  Thickness  T 

WMAX  “  4  WA 
WMIN  =  WA/8 


27.5  lb. 
12  in. 
110  lb. 
3.4  lb. 


Percent  Lighter 
By  Weight 


Limits  of 

Stone  Weight  (lbs.) 


100 

86-35 

50 

26-17 

15 

13-  5 

10 

12-  4 

This  information  is  plotted  on  Figure  14  for  comparison  with  the  original 
design  specifications.  The  actual  computations  are  in  Appendix  F. 

7.  CONCLUSION  AND  RECOMHENDAT IONS . 


7.1  The  embankment,  spillway,  and  foundation  of  Onondaga  Dam  have  been 
determined  to  be  statically  stable  and  meet  all  current  Corps  criteria.  No 
further  analysis  is  recommended  at  this  time. 

7.2  The  foundation  and  embankment  soils  are  not  considered  to  be 
susceptible  to  liquefaction  and  the  dam  will  experience  no  reduction  in  its 
capacity  after  experiencing  the  maximum  expected  earthquake.  No  further  ana¬ 
lysis  is  recommended  at  this  time. 

7.3  The  rip-rap  slope  protection  original  design  specification  gradation 
exceeds  current  Corps  criteria.  The  extent  to  which  the  current  significant 
rip  rap  breakup  affects  the  slope  protection  is  unknown.  In  order  to  make  a 
more  complete  evaluation  of  current  conditions,  the  existing  gradation  of  the 
rip  rap  we  need  to  be  established  and  the  effects  of  future  breakup  con¬ 
sidered.  In  order  to  determine  the  degree  of  deterioration,  in-place  grada¬ 
tion  test  would  need  to  be  performed. 
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OAT  CD  RA,  I»e» 


LEGEND 


— •  APPROXIMATE  BOUNDARY  OF  PHYSIOGRAPHIC  PROVINCES 

MESOZOIC  ERA 


CRETACEOUS  (UPPER)  CLAY.  SAND  AND  GRAVEL 

(UNCONSOLIDATED  BEDROCK) 


TRIASSIC  (UPPER)  RED  SANDSTONE,  ShAlE.  AND 
CONGLOMERATE.  INTRUDED  BY  PALISADES  SiLL 


PALEOZOIC  ERA 


PENNSYLVANIAN  AND  MlSSISSIPIAN  CONGLOMERATE 

x*'\]  DEVONIAN  (LATE  UPPER)  SHAlE,  SILT  STONE. 

\  1  SANDSTONE 

j  DEVONIAN  (EARLY  UPPER)  SHALE,  SILTSTONE,  SmNDSTONE 

DEVONIAN  (LOWER  AND  MIDDLE)  LIMESTONE  OVERlAiN 
BY  SHALE,  SILTSTONE  AND  SANDSTONE 

SILURIAN  DOLOSTONE,  LIMESTONE,  SHALE,  SAlTBEDS, 
SANDSTONE,  CONGLOMERATE  IN  SOUTHEASTERN  PART 
OF  STATE 

ORDOVICIAN  MAINLY  SHALE  AND  SANDSTONE  IN  UPPER 
PART,  LIMESTONE  AND  DOLOSTONE  IN  LOWER 

CAMBRIAN  SANDSTONE  AND  QUARTZOSE  DOLOSTONE 

PRECAMBRIAN,  CAMBRIAN,  ORDOVICIAN  INTENSELY 
FOLDED  AND  THRUST-FAULTED,  SLATE,  PHYLLlTE 
SCHIST  GNEISS,  GRAYWACKE,  SERPENTINE  ON  STAMEN 
ISLAND.  ALSO  SHALES,  LIMESTONE  AND  MARBLE 


METAMORPHIC  AND  IGNEOUS  ROCKS,  STRUCTURALLY 
COMPLEX 


BOUNDARIES  OF  PHYSIOGRAPHIC  PROVINCES 
APPROXIMATE 

2. PLATE  FROM  ONONDAGA  OAM  SEISMIC 
STABILITY  INVESTIGATION  DATED  NOV.  I9B2 
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ONONDAGA  DAM,  NEW  YORK 

PHYSIOGRAPHIC  PROVINCES  AND 
GENERAL  BEDROCK  GEOLOGY  OF 
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PLATE  3 


Formation 


1 


APPROXIMATE  LOCATION  OP  THRUST  FAULT  SAWTEETH 
ON  RELATIVELY  OVERTHRUST  BLOCK 

NORMAL  FAULT-  HACHURES  ON  RELATIVELY 
DOWNTHROWN  SIDE 


GEOLOGIC  FORMATIONS 

QUATERNARY 

f  ~|  ONONDAGA  CREEK  OVERBANK  DEPOSITS 

r  — n  pleistocene  sand  and  gravel  terraces 

j,  1  l HANGING  DELTAS) 

UPPER  DEVONIAN 

TULLY  LIMESTONE 


MlODLE  DEVONIAN 

HAMILTON  GROUP 

MOSCOW  FORMATION  -  SHAlE 

LUDLOWViLLE  FORMATION  -  SilTy  SHAlE.  siltstone 
SKANEATELES  FORMATION  -  DARK  GRAY  TO  BLACK  SHAlE 
AND  SILTSTONE 

MARCEHUS  FORMATION  -  DARK  GRAY  AND  BLACK  SmAlE 


ONONDAGA  LIMESTONE 


LOWER  DEVONIAN 

ORISKANY  SANDSTONE  -  HORIZON  AT  BASE  OF  ONONDAGA 

limestone 

helderberg  group 

MANLIUS  FORMATION  -  LIMESTONE.  DOlOSTONE 


NOTES: 

l.  bedrock  contact  lines  and  locations  of  quaternary  DEPOSITS 
ARE  APPROXIMATE  AND  BASED  ON  GEOLOGIC  LITERATURE  REVIEW 
AND  FIELD  MAPPING  BY  Hf  A  OF  NEW  YORK  PERSONNEL  DURING 
THE  FALL  OF  (981 

2  CONTACT  LINES  FOR  THE  ONONDAGA  LIMESTONE  AND  MANLIUS 
FORMATION  ARE  GENERALLY  BURIED  BENEATH  QUATERNARY 
DEPOSITS  AND  ARE  THEREFORE  INFERRED  FROM  AVAILABLE 
GEOLOGIC  INFORMATION  AND  OBSERVATIONS 

3.  CONTACT  LINES  FOR  UNITS  ABOVE  THE  ONONDAGA  LIMESTONE  ARE 
EITHER  OBSERVED  OR  CLOSELY  APPROXIMATED  AS  MANY  SMALLER 
EXPOSURES  OF  THESE  UNITS  EXIST  ALONG  THE  VALLEY  WALLS 
BETWEEN  THE  MAJOR  BEDROCK  EXPOSURES 

4.  Th€  TOPS  AND  SIDES  OF  HILLS  ARE  GENERALLY  BEDROCK  OVERLAIN 
BY  A  MANTLE  OF  GLACIAL  TILL 

5.  BASE  MAP  OBTAINED  FROM  USGS  QUADRANGLE  SOUTh  ONONDAGA 
NEW  YORK 

6 .  PLATE  FROM  ONONDAGA  OAM  SEISMIC  STABILITY 
INVEST  /G  ATION  DATED  NOVEMBER  1982. 
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BORING  LOCATION  PLAN 


.Q£QlfiS&Jai.TS. 


LEGEND  SUBSURFACE  EXPLORATION  PLAN 


«DB2-I02  LOCATION.  NUMBER,  BROUNO  SURFACE  ELEVATION 

(L  525  '  OAM  CCPfTERlX  JTATCN,  OffStT  IR  2  21.  ANO 

«*««2  cockrnates  of  «}  test  Him 

S&M 


1  TEST  BO*  MG  nos  082-0'  THROUGH  0B2 -X»  DRILL  CO  H 
MBRATT- WOLFF,  AC,  IMCER  HUflf  t*»  TOR*  OBSERVATION 
DURING  THE  VCRtOO  2*  JULY  TO  27  AijQUST  M2 

2  SUBSURFACE  EXPLORATION  UXATlONS  ANO  QRCXPC  SL*f*Ct 
Elevations  of  <982  test  bormgs  provioed  by  rowEu  ( 
ASSOCIATES.  PC  .  USING  BASE  INFORMATION  OBTAINED  IN 
’PUNS  FOR  ONONDAGA  DAM,  ONONDAGA  CREEK.  SYRACUSE. 

NY*  DATED  1947  OAT  ON  USGS  -  MS<- 

5  SUBSURFACE  PROFILE  >S  ORIENTED  ALONG  CENTERLINE  OF  DAM 

4  TEST  BORINGS  DM* 1  TMROUG*  OH  4.  ON  6.  OH-8.  DM  -  C.  *1I|, 

APfi  OM-Ift  WERE  DRILLED  FOR  OESlGN  OF  DAM  LOCATIONS  ANC 
ELEVATIONS  OBTAINED  FROM  A  PLAN  ENTITlEO  ’PLAN  OF  PQlAtOATON 
EXPLORATOI  BT  US  ENGMEER  OFFICE,  SYRACUSE  OlSFOKT. 
SYRACUSE,  NT.  DATED  29  AUGUST  >94S  RECOVERED  SOW.  AND 
ROCK  SAA^LES.  SAMPLE  LOCATIONS  ANO  BLOW  COUNT  OR  CORE 
RECOVERT  DATA  WERE  POT  AVAILABLE  SEE  APPENDIX  C  FOR 
DETAILED  SOIL  U36S  ANO  ORIGINAL  SUBSURFACE  PROFlE 

J  SOIL  A NO  *CC*  STRATIFICATION  LIPCS  ARC  GRADATX5NAL  AND 
NTERPOLATEO  FROM  SOU.  *N0  NX*  CONDITIONS  REVEALED  AT 
SUBSURFACE  EXPLORATIONS  ACTUAL  CONOiTlONS  K  TWEEN 
EXPLORATIONS  PAAT  VART 


ANO  LABORATORY  TEST  RESULTS  OF  RICfcNT  TEST  BOPP*A 
7  SEE  ACCCAMARYMO  REPORT  FOR  AOO'TONAL  INFORMATION 

e.  for  cross  section  b-  b  see  blbtc  a 
»  FLBTC  MOM  OHOMDMA  DAM  SCI8MIC  STABILITY 
I  N  VtSTtBATlOM  OAT  KB  NOVEMBER 

LEGEND  SUBSURFACE  PROFILE 


SUBSURFACE  EXPLORATION  NlMKR 


LOCATION  OF  XXL  SAMPLE  OBTAlNCO  BT  5S-B*  0  0  BY 
2 B*9-  IN  ID  SPLIT  SPOON  SAMPLER  PARTIALLY  CLOSED 
SYMBOL  MOICATES  S4MPUUS&  FOR  LABORATORY 
TESTING  NUMBER  IS  THE  BLOWS  OF  A  530  LB  HAMPER 
FALLING  FREELT  FOR  «  IN  ’D  DRIVE  T*«  SAMPLER  IO  FT 
IM.FCO  SOL  a»SS»»CATION  SYSTEM  SYMBOL  IP  III  ») 
lOCATKM  of  SON.  SAMPLE  CNTAPPCO  by  IO  *  on  BT 
1 379 -IN  I  D  SPLIT  SPOON  SAMPLER  CLOSED  SAMPLE 
MOICATES  SAMPLE  USED  FOR  LABORATORY  TESTING. 

markr  is  tx  mxrtn  of  a  mo  lb  hammer  falling 
FREELY  POP  SO  M  TO  ORIVE  THE  SAMPLER  10  FT 


WATER  LEVEL  RECORDED  M  ADJACENT  OBSERVATION  WELL 
OPEN  SYMBOL  MOICATES  WATER  LEVEL  OBSERVED  M 
BOREHOU  DIMING  DRILL  MG  Of  TEST  BOR  t  PPG 
DATE  OF  CWSERMTKM  INDICATED 
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APPENDIX  A 


PERTINENT  DATA 
ONONDAGA  DAM  AND  RESERVOIR 


Al.  GENERAL 

Purpose  -  Flood  Control 

Drainage  area  above  dam  -  68.1  sq.  mi. 

Drainage  area,  U.S.G.S.  gage  (Dorwin  Ave.)  -  88.9  sq.  ml. 
Drainage  area,  mouth  of  Onondaga  Creek  -  108.9  sq.  mi. 

A2.  DAM 

Type  -  Rolled  Earth 
Length,  feet  -  l,  782 
Maximum  height,  feet  -  67 
Top  width,  feet  -  25 

Top  elevation,  feet  above  mean  sea  level  -  526 
A3.  SPILLWAY 

Type  -  Uncontrolled  ogee,  side  channel  overflow 
Crest  length,  feet  -  200 

Crest  elevation,  feet  above  mean  sea  level  -  509.5 
Surcharge,  design  flood,  feet  -  15.8 
Capacity  at  15.8  feet  surcharge  -  48,500  cfs 
A4.  OUTLET 

Type  -  Uncontrolled  circular  conduit 
Number  -  One 
Diameter,  feet  -6.5 
Length,  feet  -  329 

Location  -  Under  east  (right)  section  of  dam 
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A4.  OUTLET  (Cont'd) 

Invert  elevation  at  intake,  feet  -  457.0 

Invert  elevation  at  outlet,  feet  -  456.21 

Discharge,  pool  at  spillway  crest  elevation,  cfs  -  1,270 

Minimum  time  required  to  empty  reservoir  from  spillway  crest  elevation, 
no  Inflow  -  with  assumed  base  flow  of  2  cfs/sq.  mile  -  11  days 

A5.  RESERVOIR 

Area,  spillway  crest  elevation  (504.5)  -  910  acres 
Capacity  spillway  crest  elevation  (504.5)  -  18,200  acre  feet 
Area,  15.8  feet  surcharge  -  1,640  acres 
Capacity  15.8  feet  surcharge  -  38,200  acres  feet 
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APPENDIX  B 


SELECTION  OF  ANALYSIS 
SOIL  PARAMETERS 


Bl.  GENERAL 

The  parameters  used  in  this  stability  analysis  were  based  on  the  test 
data  from  the  original  1945  Design  Analysis  (Reference  5)  and  a  subsurface 
exploration  program  conducted  for  the  seismic  stability  analysis  done  in  1982 
(Reference  7).  These  two  programs  are  discussed  in  more  detail  in  subsequent 
paragraphs. 

B2.  1945  DESIGN  ANALYSIS  EXPLORATION  PROGRAM 

The  original  design  analysis  exploration  program  was  carried  out  in  1944 
and  1945.  It  consisted  primarily  of  2-1/2-inch  diameter  holes  and  test  pits 
at  the  dam  site  and  at  potential  borrow  areas.  The  boring  log  descriptions 
for  holes  in  the  vicinity  of  the  analysis  cross  section  are  on  Plate  3.  The 
testing  program  consisted  of  classification,  density,  consolidation,  direct 
shear,  trlaxial  shear,  permeability  and  compaction.  The  results  of  these 
tests  are  at  Figures  Bl  thru  B 1 1  and  they  are  summarized  in  Tables  Bl  through 
B3.  The  direct  shear  and  triaxial  tests  were  consolidated  undrained  tests  (R 
tests).  There  is  no  consolidated  drained  (S)  test  data  or  unconsolidated 
undralned  (Q)  test  data  available  for  the  analysis.  Therefore,  all  strengths 
used  in  the  analysis  are  R  strengths.  In  those  materials  where  cohesion  was 
present,  it  was  ignored.  This  was  done  to  be  conservative  where  cases 
required  a  composite  strength  of  envelope  (R  and  S)  See  Figures  B12  and  B13. 

B3.  1982  EXPLORATION  PROGRAM 

In  1982,  an  exploration  program  was  conducted  to  determine  the  seismic 
stability  of  the  dam.  The  program  consisted  of  three  test  borings  from  the 
dam  crest.  These  borings  provide  the  most  recent  data  available  on  the  dam. 
The  laboratory  testing  consisted  of  natural  water  contents,  Atterberg  Limits, 
and  grain  size  distribution.  The  only  information  obtained  in  this  program 
that  is  relatable  to  strength  is  the  blow  counts  (standard  penetration  test  - 
SPT).  The  SPT  data  and  boring  descriptions  are  at  Plate  7. 

B4.  DESCRIPTION  OF  SOILS  AND  PARAMETER  SELECTION 

B4.1  Riprap. 

The  rock  used  in  the  slope  protection  and  toe  was  excavated  from  the 
spillway  channel.  A  specific  gravity  of  2.65  (limestone)  an  angle  of 
Internal  friction  of  40°,  and  an  average  porosity  for  dumped  riprap  of  36 
percent  was  assumed  (Reference  12).  This  yields  a  unit  weight  of  105  pcf  for 
this  riprap. 
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B4.2  Filter  Material. 


The  filter  material  was  Ignored  In  this  analysis  due  to  Its  similarity 
to  the  embankment  material  and  Its  relatively  small  size. 

B4.3  Impervious  Material  (Core). 

The  unit  weight  and  internal  angle  of  friction,  145  pcf  and  34°  respec¬ 
tively,  were  obtained  from  the  original  design  anlaysis  and  are  based  on  test 
results  conducted  on  samples  taken  from  borrow  areas. 

B4.4  Random  Fill  Embankment  Materials. 

The  unit  weight  and  angle  of  internal  friction,  145  pcf  and  36°  respec¬ 
tively,  were  obtained  from  the  original  design  analysis.  The  value  of  f 
appears  to  be  on  the  conservative  side  based  on  the  blow  counts  obtained  for 
the  1982  exploration  program.  The  blow  counts  indicate  that  the  material  is 
compact  to  very  compact.  According  to  Bowles  (Ref.  8)  this  indicates  an 
angle  of  Internal  friction  betwen  38°  and  43°  and  Hough  (Ref.  10)  indicates 
that  for  a  compact  sand  and  gravel  mixture  or  coarse  sand,  the  angle  of 
internal  friction  could  be  as  high  as  45°. 

B4.5  Fluvial  Overbank. 

The  value  of  23°  for  the  angle  of  internal  friction  is  an  average  value 
obtained  from  the  original  design  analysis.  The  values  in  the  analysis  vary 
from  19.5°  to  32°  for  the  sandy  and  clayey  silts.  The  unit  weight  of  105  pcf 
was  the  result  of  modifying  the  value  in  the  analysis  by  lowering  from  1 10 
pcf  to  be  on  the  conservative  side. 

B4.6  Deltaic  Deposit. 

The  value  of  35°  was  assigned  based  on  a  range  of  values  obtained  in  the 
original  design  analysis  (34-36°)  and  comparing  them  to  typical  values  of  f 
based  upon  blow  counts.  The  value  of  35°  is  conservative.  The  unit  weight 
of  119  also  obtained  from  the  original  analysis  values  of  117-120  pcf. 

B4.7  Lacus trine. 

The  values  of  27°  and  124  pcf  were  assigned  based  on  the  original 
analysis. 

B4.8  Till. 

No  values  were  assigned.  The  glacial  till  was  considered  to  be  "firm 
base . ” 

B5  SUMMARY 

The  values  selected  in  each  case  are  based  on  test  values  and  blow  count 
information  and  are  considered  to  be  conservative  values. 
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PHYSICAL  PROPERTIES  OF  FOUNDATION  MATERIALS 


Soil 

Classification 

Direct  Shear 

ff  c 

(t.s.f.) 

Triax.  Shear 

i  c 

(t.s.f. ) 

Coeff.  Unit 

of  Perm.  (p.c 

(om./sec.xlO "’)  Wet 

Wt. 

.f.) 

A. 

LEFT 

ABUTMENT 

Sandy  GRAVEL 

35°  15' 

0.0 

36°  30' 

0.0 

100-950 

131 

125 

(450 

Av. ) 

Uniform 

Medium  SAND 

32°  30' 

0.0 

36°  40' 

0.0 

1-10 

135 

108 

Silty  CLAY 

15°  30' 

0.35 

0.0001 

127 

99 

Silty  SAND 

With  embedded 

Gravel 

eS4°  00* *• 

0.0 

el 

Silt- bound 

Sandy  GRAVEL 

436°  00' 

0.0 

•  16 

B.  LEFT  ABUTMENT  SLOPE 

Silty,  Sandy 

GRAVEL 

*36°  00' 

0.0 

Fine  SAND 

•  32°  00' 

0.0 

••4.21 

(Hor. ) 

2.36 

(Vert.) 116 

97 

31.2 

(Hor. ) 

128.3 

(Vert.) 106 

94 

SAND  *  SILT 

•30°  00' 

0.0 

••14.2 

(Hor. ) 

2.42 

(Vert.) 118 

97 

Sandy  SILT 

*•30°  30* 

0.0 

2.91 

(Hor. ) 

1.60 

(Vert.)  11  9 

96 

Silty  CLAY 

•  •16°  40' 

0.22  •• 16°  00' 

0.20 

••  0.0001  122 

94 

*  Value  assigned  from  teats  on  similar  materials  from  the  site 

*•  Undisturbed  samples 


ft-l 

TABLE  (CONTINUED) 

PHYSICAL  PROPERTIES  OF  FOUNDATION  MATERIALS 

Direct  Shear  Triax.  Shear  Coeff.  Unit  Wt. 

Soil  fl  C  0  C  of  Perm.  (p.o.f.) 

Classification  (t.e.f.)  (t.s.f.)  (cm./aec.xlO-4)  Wet  Dry 


C. 


Silty  CLAY 

19° 

30' 

(At  Surface) 

Silty  CLAY 

26° 

00' 

(At  Depth) 

Clayey  SILT 

«*28c 

10' 

23° 

10' 

Sandy  SILT 

*«32° 

00' 

Fine  to  Coarse 

SAND 

31° 

30' 

Fine  to  Coarse 
SAND  with 

embedded  Gravel  34°  10* 

Coarse  SAND  With 
embedded  Gravej. 

Silty  GRAVEL 

Sandy  GRAVEL 

D. 

Clayey  Silt 

A  SAND  .  ••22®-28° 

Silty,  Sandy 

GRAVEL  33°  45' 

Sandy  GRAVEL 

E. 

Silty,  Sandy 
GRAVEL 

•* 


VALLEY  FLOOR 

0.0 

0.02 

0.1 

0.19 

0.05 


0.0  37°  30' 

0.0 

0.0 

38°-40° 

0.0 

27°-31° 

0.00 

*36°  00* 

0*00 

ALLUVIAL  fan 

0.15 

0.0 

36°  00'  0.00 

RIGHT  ABITMENT 

•36°  00'  0.00 


112 

95 

0.001 

110 

78 

3-75 

13-43 

200-900 

0.3-5 

15-200 

0.2  116  95 

1.0 

26-70  117-120 

1-.0 


Value  assigned  from  tests  on  similar  materials  from  the  site 
Undisturbed  samples 


TABLE 


Z- 


PHYSICAL  PROPERTIES  OF  BORROW  MATERIALS 


Compaction 

Direct  Sheer  Coeff.  of  Hex.  Opt.  W  Dry 

Soil  0  C  Permeability  (p.c.f . ) (Peroent  Unit  TVt. 

Classification  (t.a.f ,)  (cm,/aec.xl0*4)  (Dry  Wt.)0ry  »«t.)  (p.c.f.) 


A.  LEFT  ABUTMENT 


Sandy  GRAVEL 

56°  SO' 

0.0 

100-960 

130 

9 

124 

B. 

LEFT  ABUTMENT  SLOPE 

Silty  Sandy 
GRAVEL 

•360  00' 

0.0 

•  1.0 

•127 

10 

Uniform  Fine 
SAND 

*32°  00' 

0.0 

1-10 

94-97 

SAND  4  SILT 

•30°  00'* 

0.0 

•0.1 

' 

97 

Silty  CLAY 

16°  00' 

0.2 

0.0001 

94 

C.  ALLUVIAL  FAN 

Clayey  SILT 

A  SAND 

22°-28° 

0.16 

0.2- 

95 

Silty,  Sandy 
GRAVEL 

36°  00' 

0.0 

1.0 

127 

10 

Sandy  GRAVEL 

36°  00' 

0.0 

25-70 

131 

9 

D 

.  RIGHT  ABUTMENT 

• 

Silty,  Sandy 
GRAVEL 

o» 

o 

8 

0.0 

1.0 

127 

10 

*  Value  assigned  from  teats  on  aimllar  materials  from  the  site 


i 


TABLE 


£'-3 

PHYSICAL  PROPERTIES  USED  IN  DESIGN 


Shear  Coeff.  of  Permeability  Unit  Wt. 

Soil  C  (cm./eec.xlQ“*) .  (p.c.f.)^ 

Classification  _ (t.s.f .)  Bor. _ Vert.  Wet  Dr: 


A.  PERVIOUS  SECTION  OF  DAM  ElffiANX)  ENT 


Sandy  GRAVEL 

36° 

00’  0.0 

*900 

J 

300 

145 

140 

B.  IMPERVIOUS  , 

SECTION  OF  DM' 

EMBANKMENT 

Silty  Sandy " 
GRAVEL 

34° 

00’  0.0 

-  c. 

*3.0 

FOUNDATION 

✓ 

1.0 

<  ■ 

\ 

146 

133 

Silty  CLAY 
(at  surface). 

19° 

30'  0.0 

. 

96 

Silty  CLAY 
(at  depth) 

26° 

00'  0.02 

*100 

Clayey  SILT 

23° 

00*  0.10 

95 

Sandy  SILT 

32° 

00'  o.os 

*0.003 

0.001 

78 

Fine  to  Coarse 
SAND 

36° 

00’.  9.0 

*150 

50 

*100 

Fine  to  Coarse 
SAND  with 

36° 

00'  0.0 

•  120 

40 

•  100 

embedded  Gravel 
Coarse  SAND  with 


embedded  Gravel  38° 

30' 

0.0 

*1500 

500 

*100 

Silty  GRAVEL 

30° 

00' 

0<0 

*15 

5 

*100 

Sandy  GRAVbL 

36° 

00' 

•0.0 

•600 

200 

*100 

•  Value  assumed 


MECHANICAL.  ANALYSIS 
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I«VW0  RATIO 


FIGURE  B- 


WEIGHT  SHEARING  STRESS 


FiaetNT  riNtR  by  wcicht  k  shcarino  strms  r  m  ton*  rib  *q. 


tr/GUi 


DRY  WEIGHT  -  POUNDS  PER  CUBIC  FOOT 


ORY  WEIGHT  -  POUNDS  PER  CUBIC  FOOT 


F/GUGE 


normal  stress,  c,  tons/sq  ft 


FIGURE  B - 1 2  .  DESIGN  ENVELOPE  FOR  CASES  II  AND  III 


NORMAL  STRESS,  a,  TONS/SO  FT 


FIGURE  B-13.  DESIGN  ENVELOPE  FOR  CASES  IV,  V,  AND  VI 
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HAND  COMPUTATIONS 
APPENDIX  C 
STABILITY  ANALYSIS 
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COMPUTER  INPUT  FILES 


AND  SAMPLE  OUTPUT 
APPENDIX  D 


Dl.  This  appendix  contains  a  copy  of  all  input  data  files  used  to  compute 
the  slope  stability  factor  of  safety  in  this  analysis.  Pages  D2-6  are  copies 
of  the  input  instructions  outlined  in  the  User's  Manual  for  WES  Program 
10009.  Pages  D7-16  are  the  input  files  and  pages  D17-49  are  an  example  out¬ 
put  for  Case  I  Upstream  Slope.  The  other  output  files  are  on  file  in  the 
Geotechnical  Section,  Buffalo  District. 

D2.  Input  files  are  labeled  according  to  the  different  cases  set  forth  in  EM 
1 110-2-1902. 


D-l 


Table 


Variable 

Name 

PRO  JE 
NGRID 

DEL 

XBC 

YBG 

XEND 

YE  NT) 

TCLOV/Y 

WL 


KOUTER 


KST 

KBASE 

BETAU 


BETAD 

E4AX 

NKB 

SCIL 

KS 

CAMA(KS, 


I  of 


S 


Detailed  Input  Instructions 
SAVA104  Time  Sharing  Program  for 
Modified  Swedish  Method  of  Slope  Stability  Using  Circular  Arc 


Definitions  and  Instructions 
for  Executinc  Analyses 


Reference 
F  ig.  Example 
No.  Problem 


Ir.gui  for  Basic  Dale  Tiles 
Identification  oi  your  analysis 

NGRID  =  1.  Grid  system  used  for  calculation  of 
a  factor  of  safety 

NGRID  =  0.  Hor.gr  id  analysis  for  c  factor  of  safety 
U  NGRID  =  0.  then  DEL,  XBG.  YBG.  XEND, 
YEXD,  TGLOWY ,  WL,  and  KOUTER  =  0 

Increment  (feet)  in  grid  system  (positive  number) 

Abscissa  of  lower  right  grid  point 

Ordinate  of  lower  right  grid  point 

Abscissa  of  upper  left  grid  point 

Ordinate  of  upper  left  grid  point 

Tangent  elevation  for  base  of  circle 

For  EOC,  WL  =  groundwater  el  (may  be 
fictitious  value  lower  than  the  ground  level) 

SD,  WL  -  pool  el  (before  drawdown 
Two-force  polygon  scheme.  WL  =  drawdown 
pool  el  for  one-force  polygon  scheme 
SS.  WL  =  tailwater  el 
PP.  WL  *  0 

Number  of  embankment  profile  intersecting 
the  groundwater  level  (WL):  number  of 
uppermost  embankment  profile  for  partial 
pool  case 

Zero  if  WL  is  a  fictitious  value 

Number  of  soil  types  including  firm  base 
Number  of  last  soil  profile  (firm  base) 

Angle  of  earth  forces  acting  on  the  sides  of 
slices  measured  clockwise  from  the 
positive  x  axis 

Zero  if  downstream  analysis  only 

Angle  of  earth  forces  acting  on  the  sides  of 
slices  measured  counterclockwise  from  the 
negative  x  axis  (US  Analyses) 

Selected  maximum  slice  width:  the  program 
will  locate  alice  boundaries  at  each  break  in 
the  geometry  of  the  embankment,  additional 
boundaries  are  added  so  that  the  slices  will 
have  the  selected  BMAX 

Enter  the  number  l 
Name  oi  soil  type 

Number  of  soil  type:  KS  =  1,  first  soil  in 
the  profile.  KS  *  2.  second  toil  in  profile, 
etc. 

Moist  unit  weight  of  soil,  kips/cu  ft 


Table  1  (con’t) 


Variable 

Name 

GAMAIKS.  2) 
QC2 

QTG2 

QC 

QTC 

RC 

RTG 

SC 

STG 

K 

KPS 

NN1 
XP.  YP 

NS  LOP 

NCASE 

NLEVEL 


Definitions  and  Instruction* 
for  Executing  Analyses 


Saturated  unit  weight  of  soil.  kip»/cu  ft 

Unit  cohesion  from  the  second  segment  of  the 
Q  strength  envelope  or  equal  to  QC 

Tan  0  from  the  second  segment  of  the  Q  strength 
envelope  or  equal  to  QTC 

Unit  cohesion  from  the  first  segment  of  the 

Q  strength  envelope,  kips/sq  ft 

Tan  0  from  the  first  segment  of  the  Q  strength 

envelope 

Unit  cohesion  from  the  R  strength  envelope, 
kips/sq  ft 

Tangent  0  from  the  R  strength  envelope 

Unit  cohesion  from  the  S  strength  envelope, 
ktpa/sq  ft 

Tan  0  from  the  S  strength  envelope 

Note:  Repeat  data  groups  D  andE  (see  Table  2) 
for  each  soil  type  except  the  firm  base.  Soil 
data  are  not  entered  for  the  firm  base. 


Number  of  embankment  profile 

Number  of  soil  type  immediately  under  above 
profile 

Number  of  coordinate  points  required  to  define 
profile 

The  abscissa  and  ordinate  of  the  first  point  on 
the  uppermost  embankment  profile.  Continue 
with  as  many  points  as  needed  to  define  the 
first  embankment  profile. 

Note:  Repeat  data  groups  F  ar.d  G  (see  Table  2) 
to  completely  define  ail  other  profiles  in  the 
embankment  from  top  to  firm  base 


Input  for  Arc  Data  File 

Code  number  of  slope  analysed 
NSLOPE  s  l,  upstream  slope 
NSLOPE  =  Z.  downstream  slope 

Code  number  for  case  analyzed 
NCASE  s  1,  end  of  construction 
NCASE  =  2,  sudden  drawdown 
NCASE  =  3,  partial  pool 
NCASE  *  4.  steady  seepage 

Code  number  for  phreatic  line  in  embankment 
NLEVEL  =  1,  horizontal  line 
NLEVEL  =  2,  nonhorizontal  line  (steady 
seepage  and  sudden  drawdown  cases  for  a 
one  force  polygon  scheme) 


3  Jr  •S 


Variable 

Name 


NPORE 


NBETA 

EQCOE 

WLAFT 

KAFT 

NW 

NV.'AFT 


DESCRI 


ZONEX1 

BEI 

ZONEX2 

BE2' 

XW,  YW 


Table  1  (ccn’t) 


Definitions  and  Instructions 
£o£  Executing  Analyses 


•  Reference 
Fig.  Example 
No.  Probl  em 


Code  number  for  source  of  pore  pressure 
NPORE  =  1,  phreatic  surface  (horixonta!  or 
nonhorizontal) 

NPORE  =  2.  other  sources  (generally  a  flownet) 

Enter  the  number  I  or  3 

NBETA  -  1,  fixed  direction  of  all  side  earth 

forces  (the  direction  will  be  given 
in  data  group  C,  Table  1) 

NBETA  =  3,  vary  direction  of  side  earth  forces 
(in  embankment  zone) 

Seismic  coefficient  for  earthquake 
EQCOE  =  0,  no  earthquake  effects 

Drawdown  pool  elevation  for  sudden  drawdown 
WLAFT  =  0,  all  other  cases 

Code  number  of  outer  soil  profile  intersecting 
the  water  level  (drawdown  pool  elevation,  WLAFT) 
in  the  sudden  drawdown  case 
KAFT  s  o,  all  other  cases 

Number  of  points  required  to  define  phreatic 
surface  (NLEVEL  =  2) 

NW  *  0,  for  horizontal  phreatic  .surface  (i.e.,  TlLETZL  ■  1) 

NWAFT  *  1,  sudden  drawdown  case  after  the 
drawdown  with  one  force  polygon  scheme 
(the  phreatic  line  must  be  nonhorizontal) 

NWAFT  =  0,  all  other  cases 

Name  of  case  analyzed  (30  spaces  for  input) 

Note:  Data  group  J  (Table  2)  describe  the  direction 
of  the  side  earth  forces  by  specifying  zones  of 
varying  direction  (NBETA  *  3  must  have  been 
entered  in  data  group  H,  Table  2). 

OMIT  data  group  J  for  all  other  cases. 

Abscissa  of  first  boundary 

Direction  of  side  earth  forces  in  zone  specified 
by  ZONE XI 

Abscissa  of  the  second  boundary 

Direction  of  side  earth  forces  in  zone  specified 
by  ZONEX2 

Abscissa  and  ordinate,  respectively,  of  the 
first  point  to  define  a  nonhorizontal  phreatic 
surface.  Always  enter  points  from  right  to 
left.  All  other  points  required  to  fully  define 
the  nonhorizontal  phreatic  surface  should  follow. 

OMIT  for  a  horizontal  phreatic  surface. 

Note:  Data  group  L  (Table  2)  is  used  only  for  a 
nongrid  system  calculation  of  a  factor  of  safety.' 

Identification  number  of  a  trial  arc  (positive 
nonzero  number).  Use  only  for  a  nongrid  case 
(NGR1D  *  0). 

OMIT  for  a  grid  system  calculation  of  a  factor 
of  safety  (NCR1D  *  1) 


Table  1  (  con  *  t ) 


Variable 

Name 


Definitions  and  Instructions 
for  Executing  Analyses 


Reference 
fig.  Example 
No.  Problem 


XOT,  YOT 


XTOET 

TTOET 


WL 


KOUTER 


Abscissa  and  oTdinate.  respectively,  of  the 
center  of  the  trial  arc 

OMIT  for  a  grid  system  calculation  of  a  factor 
of  safety  <i.e.,  JtGFID  »  1) 

Abscissa  and  ordinate  of  the  exit  point  of  the 
circle  or 

XTOET  =  0  and  YTOET  =  tangent  elevation  for 
the  circle 

WL  *  gound  water  level  for  the  end  of  construc¬ 
tion  case 

WL  =  pool  elevation  before  drawdown  for  the 
sudden  drawdown  case  with  a  two  force 
polygon  scheme  (i.e..  horizontal 
phreatic  surface) 

WL  *  drawdown  pool  elevation  for  the  one 
force  polygon  scheme 

WL  =  pool  elevation  or  the  number  9999  for 
the  partial  pool  case  (i  an  actual  pool 
elevation  is  entered,  the  analysis  will  be 
run  for  that  pool  elevation  only;  If  the 
number  9999  is  entered,  the  program  will 
vary  the  pool  level  and  search  out  the  pool 
level  which  results  in  the  lowest  factor  of 
safety  for  the  particular  circle  being  run) 

Code  number  of  outer  soil  profile  intersecting  the 
water  level  entered  in  WL  above;  or  the  code 
number  of  the  uppermost  embankment  profile  for 
the  partial  pool  case;  or  if  WL  is  a  fictitious 
value.  KOUTER  »  0 


M 


Enter  the  number  -1 
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Suggested  line  numbering  for  free  field  input  is  consistent  in  all  illustrations  for  ease  in  locating  input 
variables  in  the  input  instructions  and  example  problems. 

Repeat  data  groups  D  and  E  for  each  soil  type  except  the  firm  base.  Soil  data  are  not  entered  for  the 
firm  base. 


1  o-f  10 


OLD, GGKUS1 
/LIST 

100  ONONDAGA  DAM  STABILITY  CASE  I  US 
200  1  40  40  540  200  700  424  461  0 

300  6  6  338  338  20  1 

400  IMPERVIOUS  ZONE 


402 

1  .139  .145  0  .675 

0  .675  0  .675 

0  .675 

410 

PERVIOUS  FILL 

412 

2  .143  .145  0  .727 

0  .727  O  .727 

0  .727 

420 

FLUVIAL  OVERBANK 

422 

3  . 105  . 105  0  .425 

0  .425  0  .425 

0  .425 

430 

DELTAIC  DEPOSIT 

432 

4  .119  .119  0  .7  0 

.70.70  .7 

440  LACUSTRINE 

442  5  .124  .124  0  .51  0  .51  O  .51  0  .51 

500  1  1  6 

502  -12  525  12  525  53  505  104  485  151  469  500  469 

510  228 

512  -168  464  -104  485  -53  505  -12  525  0  522  110  460  130  448  500  448 

520  337 

522  -500  464  -168  464  -122  460  110  460  118  455  130  448  500  448 

530  446 

533  -500  430  -140  430  0  455  118  455  130  448  500  448 

540  556 

542  -500  374  -260  373  -40  404  O  435  165  445  500  445 

550  662 

552  -500  345  500  345 


/OLD, ADFF 
/LISt 

400  1, 1, 1, 1,3, 0,0, 0,0,0 
410  CASE  I  US 
415  12  360  151  360 
420  -1 


Z.  o-t-  10 


OLD, GCKDS1 

/LIST 

100  ONONDAGA  DAN  STABILITY  CASE  I  DS 
200  1  40  -240  580  -80  740  422  461  0 

300  660  338  20  1 

400  RANDOM  PERVIOUS 


402 

1  .143  .145  0  .727 

0  .727 

0 

.727 

0  .727 

410 

RIP  RAP  TOE 

412 

2  .105  .105  0  .839 

0  .839 

0 

.839 

0  .839 

420 

RANDOM  PERVIOUS 

422 

3  .143  .145  0  .727 

0  .727 

0 

.727 

0  .727 

430 

FLUVIAL  OVERBANK 

432 

4  .105  .105  0  .488 

0  .488 

0 

.488 

0  .488 

440 

DELTAIC 

442 

5  .119  .119  0  .7  0 

.7  0  .7 

0 

.7 

500  1  1  7 

502  -181  464  -168  464  -104  485  -53  505  -12  525  12  525  151  469 

510  224 

512  -181  464  -168  464  -104  485  -53  505 

520  334 

522  -181  464  -156  446  -144  446  -53  505 

530  446 

532  -500  464  -181  464  -156  446  -144  446  -122  460  151  460 

540  554 

542  -500  440  -140  440  0  455  151  455 

550  664 

552  -500  374  -260  373  -40  404  500  404 

/ 

OLD, ADFDSt 
/LIST 

400  2111300000 
410  CA8E  I  DS 
415  -168  360  -12  360 
420  -1 

/ 


I 


3>  erf  1C? 


/OLD, GGKSD1 

/LIST 

lOO  ONONDAGA  DAM  STABILITY  CASE  II  SDD  FROM  MAX  POOL 
200  I  40  40  540  200  700  444  520.3  1 
300  6  6  338  338  20  1 

400  IMPERVIOUS  ZONE 


402 

1  .139  .145  0  .675 

0  .675  0  .675 

0  .675 

410 

PERVIOUS  FILL 

412 

2  .143  . 145  0  . 727 

0  . 727  O  . 727 

O  .727 

420 

FLUVIAL  OVERBANK 

422 

3  . 105  . 105  0  .425 

0  .425  O  .425 

0  .425 

430 

DELTAIC  DEPOSIT 

432 

4  .119  .119  0  .7  0 

.7  0  .7  O  .7 

440 

LACUSTRINE 

442  5  .124  .124  0  .51  O  .51  O  .51  O  .51 

500  1  1  b 

502  -12  525  12  525  53  505  104  485  151  469  500  469 

510  228 

512  -168  464  -104  485  -53  505  -12  525  O  522  HO  460  130  448  500  448 

520  337 

522  -500  464  -168  464  -122  460  110  460  118  455  130  448  500  448 

530  446 

533  -500  440  -140  440  O  455  118  455  130  448  500  448 

540  556 

542  -500  374  -260  373  -40  404  O  435  165  445  500  445 

550  662 

552  -500  345  500  345 


/OLD, ADFSD2 


/LIST 

400  121130  470  100 

410  CASE  II  SDD  FROM  MAX  POOL 
415  12  360  151  360 

420  -1 


4-  1 0 


/OLD, GGKSD2 


/LIST 

100  ONONDAGA  DAM  STABILITY  CASE  III  SDD  FROM  SPILLWAY  EL 
200  1  40  40  540  200  700  464  504.5  1 

300  6  6  338  338  20  1 

400  IMPERVIOUS  ZONE 

402  1  .139  .145  O  .675  O  .675  O  .675  O  .675 

410  PERVIOUS  FILL 

412  2  .143  .145  O  .727  O  .727  O  .727  O  .727 

420  FLUVIAL  OVERBANK 

422  3  .105  .105  0  .425  0  .425  O  .425  O  .425 

430  DELTAIC  DEPOSIT 

432  4  .119.1190.70.70.70.7 

440  LACUSTRINE 

442  5  .124  .124  O  .51  O  .51  O  .51  O  .51 

500  1  1  6 

502  -12  525  12  525  53  505  104  485  151  469  500  469 

510  226 

512  -168  464  -104  485  -53  505  -12  525  O  522  110  460 

520  337 

522  -500  464  -168  464  -122  460  110  460  118  455  130  448  500  448 

530  446 

533  -500  440  -140  440  O  455  118  455  130  448  500  448 

540  556 

542  -500  374  -260  373  -40  404  0  435  165  445  500  445 

550  662 

552  -500  345  500  345 


/OLD, ADFSD3 


/LIST 

400  121130  470  100 

410  CASE  III  SDD  FROM  SPILLWAY  EL 
415  12  360  151  360 

420  -1 


S3  c>^  1 0 


/OLD, GGKPP 


/LIST 

lOO  ONONDAGA  DAM  STABILITY  CASE  IV  PP  (SS) 
200  1  40  40  540  200  700  434  O  1 

300  6  6  338  338  20  1 

400  IMPERVIOUS  ZONE 


402 

410 

1  . 139  . 145  0 
PERVIOUS  FILL 

.675 

O 

.675 

0  .675 

0  .675 

412 

420 

2  .143  .145  0  .727 
FLUVIAL  OVERBANK 

0 

.727 

O  .727 

0  .727 

422 

3  .105  .105  0 

.425 

0 

.425 

0  .  425 

0  .425 

430  DELTAIC  DEPOSIT 

432  4  .119  .119  O  .70  .70  .70  .7 

440  LACUSTRINE 

442  5  .124  .124  O  .51  0  .51  O  .51  0  .51 

500  1  1  6 

502  -12  525  12  525  53  505  104  485  151  469  500  469 

510  228 

512  -168  464  -104  485  -53  505  -12  525  O  522  110  460  130  448  500  448 

520  337 

522  -500  464  -168  464  -122  460  110  460  118  455  130  448  500  448 

530  446 


533  -500 

440 

-140  440 

0  455  118  455 

130  448 

500 

448 

540  556 
542  -500 

374 

-260  373 

-40  404  0  435 

165  445 

500 

445 

550  6  6  : 

2 

552  -500 

345 

500  345 

/OLD, ADFPP 


/LIST 

400  131  1300000 
410  CASE  IV  PP  (SS) 

415  12  360  151  360 
420  -1 


(-  <T*-f  10 
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0LD.GGKSS1 

/LIST 

100  ONONDAGA  DAN  STABILITY  CASE  V  SS  MAX  POOL  DS 
200  1  40  -160  540  -80  620  442  475  1 

300  660  338  20  1 

400  RANDOM  PERVIOUS 


402 

1  .143  .145  0  .727 

0  .727  0  .727 

0  .727 

410 

RIP  RAP  TOE 

412 

2  .105  .105  0  .839 

0  .839  0  .839 

0  .83? 

420 

RANDOM  PERVIOUS 

422 

3  .143  .145  0  .727 

0  .727  0  .727 

0  .727 

430 

FLUVIAL  OVERBANK 

432 

4  .105  .105  0  .488 

0  .488  0  .488 

0  .488 

440 

DELTAIC 

442 

5  .11?  .11?  0  .7  0 

.7  0  .7  0  .7 

500  117 

502  -181  464  -168  464  -104  485  -53  505  -12  525  12  525  151  46? 

510  224 

512  -181  464  -168  464  -104  485  -53  505 

520  334 

522  -181  464  -156  446  -144  446  -53  505 

530  446 

532  -500  464  -181  464  -156  44 6  -144  446  -122  460  151  460 

540  554 

542  -500  440  -140  440  0  455  151  455 

550  664 

552  -500  374  -260  373  -40  404  500  404 

/ 

OLD, ADFSS1 

/LIST 

400  2421300050 
410  CASE  V  88  MAX  POOL  D8 
415  -168  360  -12  360 

417  -500  475  12  475  12  515  17  520  500  520 

420  -l 

/ 


s 
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OLD, GGKEQI A 


/LIST 

100  ONONDAGA  DAM  STABILITY  CASE  I  US  EQ  LOAD 
200  I  40  120  620  120  620  464  461  O 
300  6  6  338  338  20  1 

400  IMPERVIOUS  ZONE 


402 

410 

1  .139  .145  0 
PERVIOUS  PILL 

.675 

0 

.675 

0  .675 

0  .675 

412 

420 

2  .143  .145  0  .727 
FLUVIAL  OVERBANK 

0 

.  727 

0  .727 

0  .727 

422 

3  . 105  . 105  0 

.425 

0 

.425 

0  .425 

0  .425 

430  DELTAIC  DEPOSIT 

432  4  .119  .119  0  .7  0  .7  O  .7  0  .7 

440  LACUSTRINE 

442  5  .124  .124  O  .51  0  .51  0  .51  O  .51 

500  1  1  6 

502  -12  525  12  525  53  505  104  485  151  469  500  469 

510  228 

512  -168  464  -104  485  -53  505  -12  525  0  522  110  460  130  448  500  448 

520  337 

522  -500  464  -168  464  -122  460  110  460  118  455  130  448  500  448 

530  446 


533  -500 

440 

-140  440 

0  455  118  455 

130 

448 

500 

448 

540  556 
542  -500 

374 

-260  373 

-40  404  0  435 

165 

445 

500 

445 

550  662 

552  -500  345  500  345 


/OLD, ADFEQIA 


/LIST 

400  1, 1, 1, 1,3, .05,0,0,0,0 
410  CASE  I  US  EQ  CASE 
415  12  360  151  360 
420  -1 


%  of.  10 


OLD .GGKEQIB 

/LIST 

100  ONONDAGA  DAM  STABILITY  CASE  I  DS  EQ  LOAD 
200  1  40  -160  620  -160  620  442  461  0 

300  660  338  20  1 

400  RANDOM  PERVIOUS 


402 

1  .143  .145  0  .727 

0  .727  0  .727 

0  .727 

410 

RIP  RAP  TOE 

412 

2  .105  .105  0  .839 

0  .839  0  .839 

0  .839 

420 

RANDOM  PERVIOUS 

422 

3  .143  .145  0  .727 

0  .727  0  .727 

0  .727 

430 

PLUVIAL  OVERBANK 

432 

4  .105  .105  0  .488 

0  .488  0  .488 

0  .488 

440 

DELTAIC 

442 

5  .11?  .11?  0  .7  0 

.7  0  .7  0  .7 

500  1  1  7 

502  -181  464  -168  464  -104  485  -53  505  -12  525  12  525  151  46? 

510  224 

512  -181  464  -168  464  -104  485  -S3  505 

520  334 

522  -181  464  -156  446  -144  446  -53  505 

530  446 

532  -500  464  -181  464  -156  446  -144  446  -122  460  151  460 

540  554 

542  -500  440  -140  440  0  455  151  455 

550  664 

552  -500  374  -260  373  -40  404  500  404 

/ 

OLD, ADFEQIB 
/LIST 

400  21113  . 05  0000 
410  CASE  I  D8  EQ  CASE 
415  -168  360  -12  360 
420  -1 

/ 


O-F  |  <J 


/OLD, GGKPPEQ 


/LIST 

100 

ONONDAGA  DAM  STABILITY  CASE  IV  PP  (SS)  EQ  LOAD 

200 

1  40  120  620  120  6 

20  464 

0  1 

300 

6  6  338  338  20  1 

400 

IMPERVIOUS  ZONE 

402 

1  . 139  . 145  O  .675 

O  .675 

O  • 675  0  . 675 

410 

PERVIOUS  FILL 

412 

2  .143  .145  0  . 727 

0  .727 

0  .727  0  .727 

420 

FLUVIAL  OVERBANK 

420 

3  . 1 05  . 1 05  0  . 425 

0  .425 

O  .425  O  .425 

430 

DELTAIC  DEPOSIT 

432 

4  .119  .119  0  .7  0 

.7  0  .7 

’  0  .7 

440 

LACUSTRINE 

442 

5  .124  .124  0  .51 

0  .51  0 

.51  O  .51 

500 

1  1  6 

502 

-12  525  12  525  53 

505  1 04 

485  151  469  500  469 

510 

2  2  8 

512 

-168  464  -104  485 

-53  505 

-12  525  0  522  110 

460  130  448  500 

520 

3  3  7 

522 

-500  464  -168  464 

-122  460  110  460  118  455 

130  448  500  448 

530 

4  4  6 

533 

-500  440  -140  440 

0  455  118  455  130  448  500 

448 

540 

5  5  6 

542 

-500  374  -260  373 

-40  404 

0  435  165  445  500 

445 

550 

6  6  2 

552 

-500  345  500  345 

/OLD, ADFPPEQ 


/LIST 

400  131  1  3  .05  0  O  0  0 
410  CASE  IV  FP  (SS)EQ  LOAD 
415  12  360  151  360 
420  -1 


/OLD, GGKSSEQ 


/LIST 

100  ONONDAGA  DAM  STABILITY  CASE  V  SS  MAX  POOL  DS  EQ  LOAD 
200  1  40  -120  5B0  -120  580  442  475  1 

300  6  6  0  338  20  1 

400  RANDOM  PERVIOUS 

402  1  .143  .145  O  .727  O  .727  O  .727  O  .727 

410  RIP  RAP  TOE 

412  2  .105  .105  0  .839  0  .839  O  .839  O  .839 

420  RANDOM  PERVIOUS 

422  3  .143  .145  O  .727  0  .727  O  .727  O  .727 

430  FLUVIAL  OVERBANK 

432  4  .105  .105  0  .488  0  .488  O  .488  O  .488 

440  DELTAIC 

442  5  .119  .119  0  .7  0  .7  0  .7  O  .7 

500  1  1  7 

502  -181  464  -168  464  -104  485  -53  505  -12  525  12  525  151  469 

510  224 

512  -181  464  -168  464  -104  485  -53  505 

520  3  3  4 

522  -181  464  -156  446  -144  446  -53  505 

530  446 

532  -500  464  -181  464  -156  446  -144  446  -122  460  151  460 

540  554 

542  -500  440  -140  440  0  455  151  455 

550  664 

552  -500  374  -260  373  -40  404  500  404 


/OLD, ADFSSEQ 


/LIST 

400  24213. 05  0050 

410  CASE  V  SS  MAX  POOL  DS  EO  LOAD 

415  -168  360  -12  360 

417  -500  475  12  475  12  515  17  520  500  520 

420  -1 


I 


ST'COF&UMCEU 
/BESIK,,  COS’S,  10009 


<  CORPS  PMCSM  0  10009  * 

<  VERSION  »  83/10/01  * 

HxiiHiiimfHiiimiHM 


INPUT, NAME  OF  BASIC  BATA  FILE 
?  GEKUS1 

FERN  FILE  CtXUSl  CUPID  TO  LOCAL  FILE  TAPE1 
PROJECT  ONOMACA  BAM  STABILITY  CASE  I  US 
imT,NAME  OF  TIC  MIC  BATA  FILE 
?  AOT 

FERN  FILE  ABFF  COPIES  TO  LOCAL  FILE  TARE1 


•  t  *  ARC  lit* 

ARC  N0.>  1  CENT£R(X,Y)*  40.00,  540.00  OIT(X,Y)>  135.57,  474.25 

RAB.>  114.00  LOVES!  Y*  424.00  SLICE  NO.*  If  Ml*  441.00 

CASE  1  VS 

FS*  7.942,  E.C.»  -.00 


•  »  »  ARC  2  •  »  • 

ARC  NO.*  2  CENTER (X,Y)*  80.00,  540.00  EXIT!X,Y>*  171.73,  449.00 

RAB.*  114.00  LOICST  Y«  424.00  SLICE  NO.*  19  ML*  441.00 

CASE  I  US 

FS*  3.215,  E.C.*  -.01 


•  •  *  ARC  3  *  •  » 

ARC  NO.*  3  CENTERS, Y>*  120.00,  540.00  EX1T(X,Y1*  211.73,  449.00 
RAB.*  114.00  LONEST  V*  424.00  SLICE  NO.*  21  ML*  441.00 

CASE  I  US 

FS*  2.805,  E.C.*  .01 


*  ■  •  ARC  4i«i 

ARC  NO.*  4  CENTER!!,!)*  140.00,  540.00  EX1T<X,Y)*  251.73,  449.00 
RAI.*  114.00  L0NE5T  Y*  424.00  SLICE  NO.*  20  ML*  441.00 
CASE  I  UB 


FS*  3.745,  E.C, 


,02 


•  •  •  MC  5  •  «  • 

ARC  ».•  5  CEMTER<X,Y)»  200.8*,  540.00  EXITU.Y)*  201.73,  400.0* 

Ml.*  110.00  LOMEST  Y*  424.00  SLICE  NO.*  10  Ml*  401.00 
CASE  I  US 

FS*  8.340,  E.C.*  -.00 


•  •■MC  0«*> 

ARC  NO.*  0  CENTER(X,Y)*  40.00,  SM.00  DITIX.Y)*  140.07,  400.35 
RAI.*  150.00  LOMEST  Y*  424.00  SLICE  NO.*  21  ML*  401.00 
CASE  I  US 

FS*  0.700,  E.C.*  -.00 


•  ••ARC  7  •  »  • 

ARC  NO.*  7  CEMTER<X,Y>*  80.00,  580.00  EXITIX.Y)*  180.01,  400.00 
RAI.*  150.00  LOMEST  Y*  424.00  SLICE  NO.*  22  ML*  401.00 

CASE  I  US 

FS*  3.005,  E.C.*  -.05 


•  ••ARC  8  •  •  * 

MC  NO.*  8  CENTER(X.Y)*  120.00,  580.00  EX1T(X,Y)*  220.01,  400.00 
RAI.*  150.00  LOMEST  Y*  424.00  SLICE  NO.*  22  ML*  401.00 

CASE  I  US 

FS*  2.480,  E.C.*  .07 


•  ••ARC  !••» 

ARC  NO.*  0  CENTER<X,Y)«  100.00,  580.00  EXIT(X,Y>*  200.01,  400.00 
RAI.*  150.00  LOMEST  Y-  424.00  SLICE  NO.-  21  Ml*  401.00 
CASE  I  US 

FS*  2.002,  E.C.*  .05 


•  ••ARC  10  •  •  • 

ARC  NO.*  18  CEWTER<X,Y>*  200.00,  580.00  EXIT<X,Y>»  300.01,  400.0* 
RAI.*  150.08  LOMEST  Y*  424.00  SLICE  NO.*  20  ML*  401.00 
CASE  I  88 

FS*  5.540,  E.C.*  -.00 


t  *  f 


•  •  »  ARC  11 

ARC  NO.*  11  CENIERU.Y)*  40.00,  4».«  EXIT(X,Y>*  144.04,  440.0* 
Ml.*  104.00  LONEST  0*  424.00  SLICE  NO.*  23  NL*  441.0* 
CASE  1  US 

FS*  7.153,  E.C.-  -.03 


•  •  •  MC  12n> 

MC  NO.*  12  CENTE»(X,»*  00.00,  420.00  EXIKX.Y)*  204.04,  440.00 
Ml.*  104.00  LONEST  Y«  424.00  SLICE  NO.*  22  NL*  441.00 

CASE  I  NS 

FS*  3.430,  E.C.*  .04 


•  *  *  MC  13  •  •  » 

MC  NO.*  13  C£NTER(X,Y>*  120.00,  420.00  EXIT(X,Y>*  244.04,  440.00 
Ml.*  104.00  LONEST  Y*  424.00  SLICE  NO.*  24  NL*  441.00 
CASE  I  US 

FS-  2.7*7,  E.C.*  .0* 


*  *  *  MC  14  »  »  » 

ARC  NO.*  14  CENYEX<X,Y>-  140.00,  420.00  EUT(X,Y>*  214.04,  440.00 
RAI.*  104.00  LONEST  Y*  424.00  SLICE  NO.*  24  NL*  441.0* 

CASE  I  US 

FS*  2.444,  E.C.*  .00 


•  ••MC  15  •  •  • 

ARC  NO.*  13  CENTER<X,Y>*  200.00,  420.00  EXIW.YI*  324.04,  440.0* 
RAI.*  104.00  LONEST  Y*  424.00  SLICE  NO.*  22  NL*  441.0* 
CASE  I  NS 

FS*  4.22*,  E.C.*  -.01 


•  ••MC  UlM 

ARC  NO.*  U  GENTER(X,Y)*  40.00,  44*. 00  EXITU,Y>*  170.42,  440.0* 
Ml.*  234.00  LONEST  Y*  424.00  SLICE  NO.*  25  NL*  441.0* 
CAS  I  NB 


F8» 


7.040,  E.C.* 


.01 


T 


T 


•  •  •  MC  17  •  •  * 

MC  NO.*  17  CENTER!*, Y>*  *0.00,  000.00  OIT<X,Y>«  211.02,  400.00 

AM.*  230.00  LONEST  t>  424.00  SLICE  NO.*  24  NL*  401.00 

CASE  1  IB 

FS*  3.040,  I.C.-  .00 


*  *  *  ARC  IS  >t* 

MC  NO.*  IS  CENTER!*,!)-  120.00,  000.00  DIT(X,Y>«  258.02,  400.00 
RM.*  230.00  LONE  ST  Y>  424.00  SLICE  NO.*  20  NL*  401.00 

CASE  I  IB 

FS-  2.055,  E.C.-  .OS 


»  •  •  ARC  10*1* 

ARC  NO.*  10  C£NTER(X,Y)»  100.00,  000.00  EXITU.Y)*  208.02,  400.00 
RAI.*  230.00  LONEST  Y-  424.00  SLICE  NO.*  25  NL*  401.00 
CASE  I  IB 

FS-  2.707,  E.C.*  .00 


•  ••ARC  20  *  •  * 

MC  NO.*  20  CENIERIX.Y)-  200.00,  000.00  EXIHX.Y)*  338.02,  400.00 
RAN.*  230.00  LONEST  Y-  424.00  SLICE  NO.*  25  NL*  401.00 

CASE  I  IE 

FS-  3.444,  E.C.*  .04 

ANALYSES  AAOVE  ARE  STORE!  IN  LOCAL  FILE  TAPE7 


■  ••ARC  21  •  •  • 

ARC  NO.-  21  CENTERIX.Y)-  40.00,  700.00  EXn<X,Y>-  101.05,  400.00 
HAS.-  270.00  LONEST  Y-  424.00  SLICE  NO.-  20  NL-  401.00 
CASE  I  IB 

FS*  8.745,  E.C.*  -.05 


•  ••ARC  22  •  •  • 

ARC  NO.-  22  CENTEX(X,Y)-  80.00,  700.00  EXITU.Y)-  231.05,  400.00 
RAO.-  270.00  LONEST  Y-  424.08  SLICE  NO.-  27  401.00 

CASE  I  OB 

F*  4.203,  E.C.-  .01 


S'  e* 


•  •  •  ARC  23  »  •  » 

ARC  NO.*  23  CENTER<X,Y>*  120.00,  700.00  EXIY<X,Y>*  271.03,  447.00 
DM.*  274.00  UNEST  V*  424.00  SLICE  NO.*  24  NL-  441.00 
CASE  I  IB 

FS*  3.222,  E.C.*  .07 


•  *  •  ARC  24  »  •  * 

ARC  NO.*  24  CENTER<X,Y>*  140.00,  700.00  DIT<X,Y>*  311.05,  447.00 
RAI.*  274.00  UNEST  Y*  424.00  SLICE  NO.*  24  NL*  441.00 
CASE  I  IB 

FS*  2.870,  E.C.*  -.07 


*  *  *  ARC  25  •  •  * 

ARC  N0.«  25  CENTER<X,Y>*  200.00,  700.00  DIT<X,Y>*  351.05,  447.00 

RAI.*  274.00  UNEST  Y*  424.00  SLICE  NO.*  27  NL*  441.00 
CASE  I  OS 

FS*  3.143,  E.C.*  -.01 


UST  OF  ARC/FS  FOR  UNEST  Y*  424.00,  NO.OF  ARC/FS 


1/  7.742, 

2/  3.215, 

3/  2.805, 

4/  3.745, 

V 

8.340, 

4/  4.700, 

7/ 

3.095, 

V 

2.480, 

7/  2.742, 

IV  5.547, 

11/  7.153, 

12/  3.430, 

13/  2.707, 

IV  2.444, 

IV 

4.220, 

IV  7.840, 

17/ 

3.847, 

IV 

2.755, 

17/  2.707, 

20/  3.444, 

21/  0.745, 

22/  4.273, 

23/  3.222, 

2V  2.878, 

2V 

3.143, 

THE  NIN  FS  IS  2.410,  AT  CENTER  HO.  B 


ANALYSES  AMUE  ARE  STORE!  IN  LOCAL  FILE  TARES 
COOEl  l>m  ARC  FILE.  2iR£RUN  AN  ARC.  3il»IFY  CRII.  4iST0P 
?  3 

AEAI  NEH  CRII,  •  WAR.  I 
KL,XK,YK,XENI,TENIITCLOHY,NL,KOUTER 
7  40  40  540  200  700  434  441  0 


■  •  •  ARC  1  t  •  • 

ARC  NO.*  1  CENTER(X,Y>*  40.00,  540.00  EXn<X,T>*  125.70,  477.41 
RAI.*  104.M  UNEST  Y*  434.00  SLICE  NO.*  17  NL*  441.00 
CASE  I  OB 

FO*  7.272,  E.C.*  -.03 


Jl 


*  i  *  ARC  2  •  •  » 

ARC  NO.*  2  CEMTBHX,Y>»  80.00,  540.00  EX1T<X,Y)«  150.71,  400.00 
RAO.*  100.00  LONEST  Y>  434.00  SLICE  NO.*  10  NL*  401.00 
CASE  1  US 

FS*  3.154,  E.C.*  -.00 


•  ••ARC  3*** 

ARC  NO.*  3  CEXTBMXjY)*  120.00,  540.00  DITIX.T)*  190.71,  400.00 
RAO.*  100.00  10NEST  Y*  434.00  SLICE  NO.*  10  NL*  401.00 
CASE  I  16 

FS*  2.003,  E.C.*  -.01 


•  ••ARC  4  •  »  » 

ARC  NO.*  4  CENTERIX.Y)*  100.00,  540.00  EXIT(X,Y>*  238.71,  400.00 
RAO.*  100.00  LONEST  Y*  434.00  SLICE  NO.*  17  NL*  401.00 
CASE  I  US 

FS*  3.815,  E.C.*  -.03 


•  ••ARC  5  •  •  • 

ARC  NO.*  5  CENTER(X.Y)*  200.00,  540.00  D1T(X,Y>*  278.71,  400.00 

RAI.«  100.00  LONEST  Y«  434.00  SLICE  NO.*  13  NL*  401.00 
CASE  I  NS 

FS*  12.502,  E.C.*  -.01 


•  ••ARC  0»»» 

ARC  NO.*  0  CENTER(X,Y)»  40.00,  SOO.M  OITIX.Y)*  130.31,  472.08 
RA1.*  140.00  LONEST  Y*  434.00  SLICE  NO.*  10  NL*  401.00 
CASE  I  NB 

FS*  0.413,  E.C.*  -.00 


•  ••ARC  7im 

ARC  NO.*  7  (XXTIRtX.Y)*  80.00,  580.00  £XITU,Y>*  174.04,  400.00 
RAO.*  140.00  LONER  Y*  434.00  SLICE  NO.*  10  NL*  401.00 
CASE  I  NB 


FI* 


2.015, 


E.C.* 


,02 


•  •  •  ARC  |i>« 

ARC  NO.*  I  C£NTE*<X,T>*  124.04,  544.44  aiT(X,Y>«  214.44,  444.00 
M.>  144.40  LOWEST  Y>  434.44  RICE  NO.*  21  R*  441.04 
CASE  1  OS 

FS* 

2.342,  E.C.*  .44 


■  •<«t  4  •  •  • 

ARC  NO.*  4  CENTER(X,Y)*  144.44,  584.44  EXIT<X,Y>>  254.84,  444.04 
RAN.*  144.44  LOWEST  Y*  434.44  SLICE  NO.*  14  a*  441.40 
CASE  1  US 

FS*  3.447,  C.C.*  .42 


•  •  •  ARC  14  •  •  • 

ARC  NO.*  14  CENTEX(X,Y)«  244.44,  544.44  EX1T(X,Y>*  244.84,  444.44 
RAI.*  144.44  LOWEST  Y*  434.44  RICE  NO.*  15  a*  441.04 
CASE  I  16 

FS*  4.457,  E.C.*  -.41 


•  ■•ARC  11*** 

*C  NO.*  11  CENTER<X,Y>-  44.44,  424.00  01T(X,Y)>  144.37,  444.55 

RAI.*  184.44  LOWEST  Y*  434.44  SLICE  NO.*  14  a*  441.40 
CASE  I  US 

FS-  4.441,  E.C.-  -.14 


•  •■ARC  12  •  »  * 

ARC  NO.*  12  CENIERIX.YI*  04.44,  424.04  EXITU.Yl*  110.40,  444.44 
RAI.*  104.44  LOWEST  Y*  434.44  RICE  NO.*  20  a*  441.40 
CASE  I  US 

FS-  3.314,  I.C.*  .41 


•  ••ARC  13  •  •  • 

ARC  NO.*  13  CE*m<X,Y)*  124.44,  424.44  EX1T<X,Y>*  220.44,  444.44 
RAO.*  104.44  LMEST  Y*  434.44  RICE  NO.*  21  a*  441.44 
CASE  I  UB 


FS- 


2.444,  E.C.* 


.41 


8  o-T  J3 


■  MMC  HIM 

arc  no.-  i<  conau.T)*  im.m,  420.00  exitu,y>»  248.40,  440.0* 

Mi.-  114.00  LOWEST  Y»  434.00  SLICE  N0.»  22  WL-  441.0* 
COSE  I  UB 

FS»  2.450,  E.C.-  -.01 


*  *  •  ARC  IS*** 

arc  no.-  is  center<x,y)*  200.00, 420.00  an<x,Y>-  300.40, 440.00 

Mi.-  184.00  LOWEST  Y»  434.00  SLICE  N0.»  20  NL-  441.00 
CASE  I  US 

FS-  4.784,  E.C.-  -.01 

ANALYSES  AMNIE  ARE  STORE!  IN  LOCAL  FILE  TAFE11 


•  •  •  ARC  14  •  »  • 

ARC  N0.«  14  C£NTER«,Y)-  40.00,  440.00  EX1T(I,Y)*  140.81,  440.00 

RA8.-  224.00  LOWEST  Y-  434.00  SLICE  NO.-  21  NL-  441.0* 
CASE  I  US 

FS-  7.115,  E.C.-  -.01 


•  •■ARC  17  •  »  » 

ARC  NO.-  17  CENTERU.Y)-  80.00,  440.00  EUTU.YI-  200.81,  440.00 
RAI.-  224.00  LOWEST  Y-  434.00  SLICE  W.«  23  NL-  441.00 
CASE  I  US 

FS-  3.453,  E.C.-  .08 


•  »  •  ARC  lllll 

ARC  NO.-  18  CENIER<X,Y>-  120.00,  440.00  EXIKX.Y)*  240.81,  440.00 
RAI.-  224.00  LOWEST  Y-  434.00  SLICE  NO.-  23  NL-  441.00 
CASE  I  US 

FS-  2.747,  E.C.*  .05 


•  ••ARC  »••• 

ARC  N0.«  10  CENIERd.Y)-  140.00,  440.08  EXn<X,V>-  280.81,  440.00 

RAI.-  224.00  UNEST  Y»  434.00  SLICE  NO.-  25  NL-  441.00 
CASE  I  UB 


FS- 


2.421,  E.C.- 


.01 


T- 


T 


9  04 


•  >  i  MC  Mm 

arc  «.»  20  center<x,y>*  200.00,  440.10  exit<x,y)*  320.11,  444.00 

RAI."  220.00  LINE ST  T*  434.00  SLICE  NO.*  23  Ml*  441.00 
CASE  I  US 

FS=  3.831,  E.C.>  -.04 


•  ••ARC  21  •  •  * 

ARC  NO.*  21  CENTERtX.Y)*  40.00,  700.00  EX1T(X,V>-  171.84,  444.00 
RAI.*  244.00  LONEST  T*  434.00  SLICE  NO.*  24  NL*  441.00 
CASE  I  US 

FS*  7.788,  E.C.*  -.04 


•  ••ARC  22  •  •  * 

ARC  NO.*  22  C£NTER<X,r>*  80.00,  700.00  EXIT(X,Y)>  211.84,  444.00 
RAI.*  244.00  LONEST  Y*  434.00  SLICE  NO.*  23  NL*  441.00 
CASE  I  US 

FS*  4.014,  E.C.*  .01 


•  ••ARC  23  •  •  » 

ARC  NO.*  23  CENTER(X,Y)*  120.00,  700.00  EXITU.YI*  251.14,  444.00 
RAI.*  244.00  LONEST  Y*  434.00  SLICE  NO.*  25  NL*  441.00 
CASE  I  US 

FS*  3.111,  E.C.*  .00 


•  •■ARC  24  •  •  • 

ARC  NO.*  24  CENIER<X,Y)>  140.00,  700.00  EXIT<X,Y>*  241.84,  444.00 
RAO.*  244.00  LONEST  T*  434.00  SLICE  NO.*  25  NL*  441.00 
CASE  I  US 

FS*  2.743,  E.C.*  .00 


•  ••ARC  25  •  •  • 

ARC  NO.*  25  CENIER<X,Y>-  200.00,  700.00  EXn<X,Yl-  331.04,  444.00 
RAO.*  244.00  LONEST  Y*  434.00  SLICE  NO.*  25  NL*  441.00 
CASE  I  IB 

FS*  3.274,  E.C.*  .02 


■c. 


1 


JJ 


IOo(  ij. 


LIST  or  MtC/FS  FOR  LONEST  t*  434.00, 
1/  7.273,  2/  3.154,  V  2.4*3, 

11/  4.401,  12/  3.310,  IV  2.400, 
21/  7.788,  22/  4.014,  2V  3.111, 


M.OF  ARC/FS 
4/  3.815,  5/12.542, 

14/  2.458,  IV  4.784, 
24/  2.743,  2V  3.270, 


V  4.483,  7/  2.015, 

IV  7.115,  17/  3.453, 


V  2.342, 
IV  2.7V, 


0/  3.047,  IV  4.457, 
10/  2.421,  2V  3.131, 


DC  NIK  FS  IS  2.3V,  »T  CENTER  NO.  8 


ANALYSES  ABOVE  ARE  STORE}  IN  LOCAL  FILE  TAPE12 
COKi  1:NEN  ARC  FILE.  2lREMM  AN  ARC.  3lH00IFY  CRIB.  4 1 STOP 
7  3 

REAR  NEH  (RIO,  8  VAR.  i 
KL,XK,YK,XEND,YEN8,TaOUr,HL, KOUTER 
?  40  40  540  200  700  444  441  0 


»  •  •  ARC  1  »  *  • 

ARC  NO.*  1  CENTER<X,T>*  40.00,  540.00  OITtX.Yl*  115.73,  481.01 
RAI.*  04.00  LONEST  Y>  444.00  SLICE  H0.<  IS  It-  441.00 
CASE  I  US 

F5-  4.483,  E.C.*  *.02 


(••ARC  2  •  •  • 

ARC  NO.*  2  CEMER(X,Y)*  80.00,  540.00  EXIT(X.Y)*  144.32,  470.50 
RAO.*  04.00  LONEST  Y*  444.00  SLICE  NO.*  14  NL*  441.00 

CASE  I  US 

FS*  3.155,  E.C.*  -.01 


•  ••ARC  3HI 

ARC  NO.*  3  CENTERIX.T)*  120.00,  540.00  EXTTU.Yl*  184.41,  440.00 
RAI.-  04.00  LONEST  Y*  444.00  SLICE  NO.*  14  NL*  441.00 

CASE  I  US 

FS*  2.000,  E.C.*  -.02 


■  ••ARC  4  •  •  » 

ARC  NO.*  4  CENTER (X,Y)«  140.00,  540.00  DUT<X,Y1«  224.41,  440.00 
Ml.*  04.00  LONEST  Y*  444.00  B.ICE  NO.*  14  NL*  441.00 
CASE  I  UB 

FS*  4.0V,  E.C.*  -.00 


Jl 


T 


•  •  •  ARC  5  •  •  • 

ARC  NO.*  S  CEJfTERlX.Y)*  200.0*,  S40.M  EXITU.Y)*  2M.il,  440.M 
«*».-  Oi.M  LOVE  ST  T»  444.00  SLICE  NO.*  10  ML*  441.00 

CASE  I  US 

FS*  25.471,  E.C.*  -.04 


•••MC  4  •  »  • 

arc  «.*  i  conaix.T)*  40.00,  sm.oo  oit<x,y>*  120.44, 474.41 
RAI.*  134.00  LOWEST  T»  444.00  SLICE  NO.*  17  UL*  441.0* 
CASE  I  US 

FS-  4.240,  E.C.*  -.01 


•  *  *  ARC  7  •  •  • 

ARC  NO.*  7  CENTER<X,Y>*  00.00,  SM.OO  EXIT<X,Y>«  150.58,  440.0* 
RAI.«  134.00  LOWEST  T-  444.00  SLICE  NO.*  17  UL*  441.0* 

CASE  I  US 

FS*  3.078,  E.C.*  .0* 


•  ••ARC  8  •  •  « 

ARC  NO.*  8  CENTER<X,Y)-  120.00,  SM.OO  £X1T<X,Y)»  108.56,  440.00 
RAI.*  134.M  LOWEST  Y*  444.M  SLICE  NO.*  10  UL«  441.M 

CASE  I  US 

FS*  2.5*7,  E.C.*  .01 


•  ••ARC  0  •  •  • 

ARC  NO.*  0  C£NTER<X,T»*  140.00,  SM.M  EXITU.Y)*  238.58,  440.M 
RAI.*  134.M  LOWEST  Y*  444.M  SLICE  NO.*  II  WL«  441.M 

CASE  I  US 

FS*  3.310,  E.C.*  -.01 


•  ••ARC  U«t» 

ARC  NO.*  1*  CENIER(X,Y)«  2M.M,  SM.M  EXIY(X,Y1*  271.58,  440.M 
RAI.*  134.M  LOWEST  Y*  444.00  SLICE  NO.*  12  NL*  441.M 
CASE  I  US 


FS*  1I.3M,  E.C.*  -.03 

ANALYSE!  AMNE  ARE  ITORO  IN  LOCAL  FOE  TAfEll 


1/  r,( 


23 


MUK  U*<* 

ARC  NO.*  11  CENTER<X,Y)»  40.00, 
Ml.*  174.00  LOWEST  Y»  444.00 

cost  i  os 


420.00  OIT((,»<  137.42,  473.S3 

SLICE  NO.*  It  a*  441.00 


FS*  4.710,  E.C.*  -.00 


•  «  t  ARC  12  •  *  • 

ARC  NO.-  12  CEWTOUX.Y)*  00.00,  420.00  £XIT<X,T)»  170.42,  440.00 
Ml.*  174.00  C0NEST  Y»  444.00  SLICE  NO.*  18  NL-  441.00 
COSE  I  US 

FS*  3.443,  E.C.*  .04 


•  *  *  ARC  13  •  •  « 

ARC  NO.-  13  CENTER<X,Y1»  120.00,  420.00  0IT(X,Y>«  210.42,  440.00 

Ml.-  174.00  LOWEST  T»  444.00  SLICE  N0.«  10  WL-  441.00 
CASE  I  US 

F5»  2.357,  E.C.—  .03 


■  •  i  ARC  14  i  •  • 

ARC  ».«  14  CENTERTX.YJ-  140.00,  420.00  £XTT<X,Y)»  250.42,  440.00 

Ml.-  174.00  LOWEST  Y-  444.00  aiCE  NO.-  10  a-  441.00 
CASE  I  US 

FS-  2.104,  E.C.-  -.01 


•  •  »  ARC  15  *  •  • 

ARC  NO.-  15  CENTERU.Y)-  200.00,  420.00  EXHIX.Y)-  200.42,  440.00 
RM.-  174.00  LOWEST  Y»  444.00  SLICE  N0.«  13  a-  441.00 
CASE  I  IIS 

FS-  4.514,  E.C.-  -.01 


*  *  *  ARC  Mill 

ARC  NO.-  14  CEOTE*(X,Y>-  40.00,  440.00  Dn<X,Y)»  144.71,  471.12 
Ml.-  214.10  LOWEST  Y-  444.00  5L1CE  N0.«  10  a-  441.00 
CASE  I  OB 

F>  7.321,  C.C.-  -.01 


JL 


JL 


I' 


•  ••MC  17  •  •  • 

«c  no.*  t7  centhnx.y)*  oo.oo,  440.00  nn(i,ii>  ieo.87,  440.00 

Ml.*  211.00  LONESY  Y*  444.00  aiCE  NO.*  10  a*  441.00 

CASE  1  US 

FS*  3.734,  E.C.*  .02 


•  »  »  ARC  18  •  •  * 

MC  NO.*  18  C£NYEX(X,Y>*  120.00,  440.00  DIT(X,Y)>  220.87,  440.00 
Ml.*  214.00  lOUEST  Y*  444.00  aiCE  NO.*  20  a*  441.00 
CASE  I  US 

FS*  2.780,  E.C.*  .02 


•  •  »  ARC  10  !•» 

MC  NO.*  10  CENTER(X,Y>*  140.00,  440.00  EXIT<X,Y1*  240.87,  440.00 
RAI.*  214.00  LONEST  Y*  444.00  1ICE  NO.*  22  a*  441.00 
CASE  I  US 

FS*  2.714,  E.C.*  .00 


***  ARC  20*1* 

MC  NO.*  20  CENTBMX.Y)*  200.00,  440.00  EXIT<X,Y>«  300.87,  440.00 
DM.*  214.00  LONEST  Y*  444.00  aiCE  NO.*  18  a*  441.00 
CASE  I  US 

FS*  4.880,  E.C.*  -.02 


■  •»  ARC  21  *11 

MC  M.«  21  CENTERS, Y)>  40.00,  700.00  EXITU.Y)*  130.41,  440.13 

RA8.«  254.00  LONEST  Y*  444.00  aiCE  NO.*  20  a*  441.00 
CASE  I  US 

FS*  7.073,  E.C.*  -.02 


•  ••  MC  22«*i 

ARC  NO.*  22  CENTER(X,Y>*  80.00,  700.00  EXIT<X,Y>*  100.34,  440.00 
Ml.*  234.00  LONEST  Y*  444.00  aiCE  NO.*  22  a*  441.00 
CASE  I  US 

FS-  4.180,  E.C.*  .03 


1 


I  A  -jE  <  j 


a  •  ■  ARC  23  •  •  • 

ARC  NO.*  23  C£NTERIX,Y>*  120.00,  700.00  EXITIX.Y)*  230.34,  400.00 
Ml.*  234.00  LONE  ST  T»  444.00  SLICE  NO.*  20  NL-  441.00 

CASE  I  U6 

FS*  3.044,  E.C.*  .02 


•  •  •  ARC  24  ■  ■  « 

ARC  NO.*  24  CENTERIX.Y)*  140.00,  700.00  EXITIX.Y)*  270.34,  440.00 
RAO.*  234.00  LONEST  Y*  444.00  SLICE  NO.*  22  HL*  441.00 
CASE  I  US 

FS*  2.744,  E.C.*  .04 


■  ■•ARC  25  •  »  » 

ARC  NO.*  23  CEWTER<X,r>>  200.00,  700.00  EXITIX.Y)*  310.34,  440.00 
RAO.*  254.00  LONEST  Y*  444.00  SLICE  NO.*  22  NL«  441.00 
CASE  I  US 

FS*  3.041,  E.C.*  .02 


LIST  OF  ARC/FS  FOR  LONEST  Y*  444.00,  NO.OF  ARC/FS 

1/  4.483,  2/  3.155,  3/  2.000,  4/  4.042,  3/25.471, 

11/  4.710,  12/  3.443,  13/  2.557,  14/  2.804,  IV  4.514, 

21/  7.075,  22/  4.188,  23/  3.044,  24/  2.744,  2V  3.041, 

DC  HIN  FS  IS  2.507,  AT  CENTER  NO.  8 


ANALYSES  AMW  ME  STORE!  IN  LOCAL  FILE  TAFE12 
COOEi  liNEU  ARC  FILE.  2tR£RIM  AN  ARC.  3tN00IFY  CRB.  4I8TBP 
?  3 

REA*  NEH  CRB,  8  VM.  i 
IEL,XK,Y1C,XEM,  YENS, TCLONY,NL, ROUTER 
7  40  40  340  200  700  454  441  0 


4/  4.240,  7/  3.078,  V  2.507,  0/  3.380,  10/10.308, 
14/  7.320,  17/  3.734,  IV  2.780,  10/  2.714,  20/  4.880, 


a  ■  ■  ARC  1  a  a  a 

ARC  NO.-  1  CENTERIX.Y)*  40.00,  540.00  EXITIX.Y)*  105.44,  484.44 
Ml.*  84.00  LONEST  Y*  454.00  SLICE  NO.*  12  NL*  441.00 
CASE  I  HE 

FS*  5.817,  E.C.*  -.08 


T 


•  ■•Mt  2*** 

ARC  NO.*  2  C£NTER<X,Y)*  80.00,  540.00  DIT(X,T)*  135.48  ,  474.28 
DM.*  84.00  LOWEST  Y*  454.00  SLICE  NO.*  13  WL*  441.00 

CASE  I  US 

FS*  2.758,  E.C.*  -.00 


•  *  *  ARC  3  *  »  » 

ARC  NO.*  3  CENTER(X,Y)*  120.00,  540.00  EXIT<X,Y>*  148.53,  449.00 
RAO.*  84.00  LOWEST  Y*  454.00  SLICE  NO.*  12  UL*  441.00 

CASE  1  US 

FS*  2.584,  E.C.*  -.01 


•  *  •  ARC  4il* 

ARC  NO.*  4  CENTER(X,Y>*  140.00,  540.00  EXIT(X,Y>*  208.53,  449.00 
RAI.*  84.00  LOWEST  Y*  454.00  SLICE  NO.*  7  WL*  441.00 

CASE  I  US 

FS*  4.143,  E.C.*  -.04 


•  ••ARC  5  •  •  • 

ARC  NO.*  5  CENTER(X,Y)*  200.00,  540.00  EXn<X,Y>*  248.53,  449.00 
RAB.*  84.00  LOWEST  Y*  454.00  SLICE  NO.*  5  WL*  441.00 

CASE  I  US 

THE  RESULTS  ARE  NOT  CORRECT-ERROR  OF  CLOSURE  NOT  COMCRCEB  ME  YD  THE  INTER  SLICE  TENSILE  FORCE  EXISTS. 

FS*  45.524,  E.C.*  -1.27 

ANALYSES  ABOVE  ARE  STORES  IN  LOCAL  HU  TAPE  11 


•  ••ARC  4  •  »  • 

ARC  NO.*  4  CENTER(X,Y>*  40.00,  500.00  EXIT(X,Y>*  117.20,  480.48 
RAB.*  124.00  LOWEST  Y*  454.00  SLICE  NO.*  14  WL*  441.00 

CASE  I  US 

FS*  5.754,  E.C.*  -.01 


■  ••ARC  7  •  •  • 

ARC  NO.*  7  CEMTEB(X,Y)*  80.00,  500.00  EXIT<X,Y)*  143.91,  471.41 
RAB.*  124.00  LOWEST  Y*  454.00  SLICE  NO.*  14  WL*  441.00 
CASE  I  US 

FS*  2.450,  E.C.*  -.01 


i. 


I  Cc*  £>-f  33 


»  *  *  ARC  2  •  ■  • 

ARC  HO.-  2  CENTERU.Y)-  N.M,  540.00  DIT(X,Y>-  135.40,  474.28 
DM.-  84.00  L08EST  Y»  454.00  SLICE  HO.-  13  IL-  441.00 
CASE  I  IB 

FS-  2.758,  E.C.-  -.00 


•  *  t  ARC  3it» 

ARC  HO.-  3  CEMTEK(X,Y>-  120.00,  540.00  EXIT(X,Y>«  148.53,  440.00 
RAI.-  84.00  LOHEST  Y*  454.00  SLICE  HO.-  12  IL-  441.00 
CASE  I  US 

FS-  2.384,  E.C.-  -.01 


•  •■ARC  4  »  •  » 

ARC  H0.<  4  CENTER(X,Y>-  140.00,  540.00  EXIT<X,Y)«  200.53,  440.00 

RAI.-  84.00  LOHEST  Y-  454.00  SLICE  HO.-  7  HL-  441.00 

CASE  I  US 

FS-  4.143,  E.C.-  -.04 


•  •■ARC  ]••• 

ARC  HO.-  5  CENTERS, Y)-  200.00,  540.00  EXIT<X,Y>-  248.33,  440.00 
RAO.-  84.00  LOHEST  Y*  454.00  SLICE  HO.-  5  HL-  441.00 

CASE  I  US 

THE  RESULTS  ARE  HOT  CORRECT-ERROR  OF  CLOSURE  HOT  CONVERSE!  ME  TO  THE  INTER  SLICE  TENSILE  FORCE  EXISTS. 

FS-  45.524,  E.C.-  -1.27 

ANALYSES  AROVE  ARE  STORE*  IN  LOCAL  FILE  TAPEU 


•  •■ARC  4  •  •  • 

ARC  HO.-  4  CEHTERIX.Y)-  40.00,  510.00  EXIT<X,Y>-  117.21,  480.40 
RAO.-  124.00  LOHEST  Y«  454.00  SLICE  NO.-  14  NL-  441.00 

CASE  I  US 

FS-  5.754,  E.C.-  -.01 


•  ■•ARC  Till 

ARC  NO.-  7  CENTER«,Y>-  80.00,  580.00  EXn<X,Y>-  143.01,  471.41 
RAO.-  124.00  LOHEST  Y-  454.00  SLICE  NO.-  14  NL-  441.00 
CASE  I  OB 


FS-  2.450,  E.C.-  -.01 


17  o-f 


t  t  •  ARC  I  *  >  • 

arc  no.*  i  caratx.T)*  120.00, 500.00  amx.Yi*  in. a,  440.00 

RAI.>  124.00  LOWEST  Y*  454.00  SLICE  NO.*  15  ML*  441.00 
CASE  I  US 

FS*  2.247,  E.C.*  .05 


*  •  •  ARC  m» 

ARC  NO.*  0  C£MTER<X,YI*  140.00,  500.00  EmU,I)>  210.42,  440.00 
RA#.*  124.00  10UEST  Y«  454.00  SLICE  MO.*  10  ML*  441.00 
CASE  I  US 

FS-  3.378,  E.C.*  -.05 


to*  ARC  10**0 

ARC  NO.*  10  CENIERU.Y)*  200.00,  500.00  EXIT(X,Y>*  250.42,  440.00 
RAO.*  124.00  LOWEST  Y*  454.00  SLICE  NO.*  8  ML*  441.00 
CASE  I  US 

FS-  32.400,  E.C.-  -.01 


*  *  *  ARC  lit** 

ARC  NO.*  11  CENTERtX,Y>-  40.00,  420.00  DITIX.Y)*  125.47,  477.40 
RAO.*  144.00  LOHEST  Y>  454.00  SLICE  NO.*  17  ML-  441.00 
CASE  I  US 

FS*  4.172,  E.C.*  -.04 


*  *  »  ARC  12  »  »  • 

ARC  NO.*  12  CENTERIX.YI*  80.00,  420.00  EXITU.YI*  140.83,  440.40 
RAO.*  144.00  LOWEST  T*  454.00  SLICE  NO.*  15  ML*  441.00 
CASE  I  MS 

FS*  2.030,  E.C.*  .04 


1 1  •  MC  13  *  *  • 

ARC  NO.*  13  CETERd.n*  120.00,  420.00  EXn(X,Y>*  180.04,  440.00 
RAO.-  144.00  UNBT  T-  454.80  SLICE  NO.*  II  NL*  441.00 
CASE  t  OB 

FS*  2.242, 


E.C.* 


M 


inMt  Mm 

ARC  MO.*  14  CENTERIX.Y)*  140.00,  420.00  DITIX.Y)*  728.94,  449.00 
Ml.*  144.00  10ME5T  Y>  454.00  SLICE  NO.*  13  UL*  441.00 
CASE  1  US 

FS*  3.020,  E.C.*  .01 


oiMC  13  «  •  • 

ARC  NO.*  15  CENTER<X,Y)*  200.00,  420.00  DIT(X,Y>*  248.94,  449.00 
Ml.*  144.00  LONEST  Y*  454.00  SLICE  NO.*  10  «.*  441.00 

CASE  1  US 

FS*  11.790,  E.C.*  -.04 


*  *  (  ARC  14  ii* 

MC  NO.*  14  CENTER Ot,Y>*  40.00,  440.00  DIT<X,Y)«  131.74  ,  475.54 
RAI.*  204.00  LOWEST  Y»  454.00  SLICE  NO.*  18  ■.*  441.00 

CASE  I  US 

FS*  4.722,  E.C.*  -.10 


■  ARC  17  *1* 

MC  NO.*  17  CENTER(X,Y)>  80.00,  440.00  EX!T(X,Y>*  157.17,  449.00 
RAI.*  204.00  LONEST  Y*  454.00  SLICE  NO.*  19  NL*  441.00 
CASE  I  US 

FS*  3.299,  E.C.*  .01 


*  **  ARC  18  »  i  * 

ARC  NO.*  18  CENTERU.Y)*  120.00,  440.00  EXIT<X,Y>»  197.17,  449.00 
RAI.*  204.00  LONEST  Y*  454.00  SLICE  N0.«  18  UL*  441.00 

CASE  I  US 

FS*  2.414,  E.C.*  .04 


*  I  •  ARC  19  •  »  • 

ARC  NO.*  19  (WIHKX.n*  140.00,  440.00  EXn»,Y>*  237.17,  449.00 
RAI.*  204.00  LONEST  Y*  454.00  SLICE  NO.*  14  UL*  441.00 
CASE  (  US 


FS*  2.497,  E.C.* 


.04 


I°I  of 


•  •  •  MC  Kill 

arc  no.«  20  centeru.yi*  200.00,  mo.oo  bit<x,y>*  277.17,  400.00 

M>.*  200.00  LOUEST  T*  034.00  SLICE  NO.*  12  '  ML*  401.00 

COS  I  US 

FS*  0.050,  E.C.*  -.04 


•  *  *  ORC  21  •  »  * 

mc  no.*  21  conata,r)*  oo.oo,  700.00  exit(x,y>*  130.7b,  473.00 

Ml.*  240.00  LOUEST  T-  434.00  SLICE  NO.*  17  II*  401.00 
CASE  I  US 

FS*  7.172,  E.C.*  -.04 


*  *  *  ARC  22>>* 

ARC  NO.*  22  CENTER(X,Y>*  80.00,  700.00  EXIT<X,Y>*  104.30,  400.00 
RAO.*  240.00  LOUEST  Y*  434.00  SLICE  NO.*  10  NL>  401.00 
CASE  I  US 

FS*  3.057,  E.C.*  .00 


*  *  ■  ARC  23  i  *  * 

ARC  NO.*  23  CENTER(X,Y)>  120.00,  700.00  EX1M,Y>*  204.50,  400.00 
RAI.*  240.00  LOUEST  Y*  434.00  SLICE  NO.*  10  UL*  401.00 

CASE  I  US 

FS*  2.035,  E.C.*  .00 


*  •  *  ARC  24  »  •  * 

ARC  NO.*  24  CENTER<X,Y>-  100.00,  700.00  B1T<X,Y>*  244.30,  400.00 

RAI.*  240.00  LOUEST  Y*  434.00  SLICE  NO.*  10  UL*  401.00 
CASE  I  US 

FS*  2.000,  C.C.*  -.03 


•  ••ARC  23  ■  *  • 

ARC  NO.-  23  CENTER(XfY>*  200.00,  700.00  EXITiX.Y)*  204.30,  400.00 
RAI.*  240.00  LOUEST  Y*  434.00  SLICE  NO.*  14  UL*  401.00 
CASE  I  US 

FS*  4.000,  E.C.*  -.01 

ANALYSES  AMUE  ME  STOOD  O  LOCAL  FILE  TAPE  12 


LIST  OF  ARC/FS  FOR  LOUEST  Y«  434.00,  NO. OF  ARC/FI 

1/3417,  2/  2.730,  3/  2.504,  V  4.103,  3/03.320,  0/  3.730,  7/  2.030,  0/  2447,  0/  3.370,  10/32 

11/0.172,  12/  2.730,  IV  2.242,  IV  3.020,  13/11.700,  IV  0.722,  17/  3.200,  IV  2.410,  10/  2.007,  20/  t 

21/  7.172,  22/  3.057,  2V  2.033,  2V  2.000,  23/  4.000, 


THE  UN  F!  It  2.242,  AT  CENTO  NO.  13 


oJT 


MW.1SCS  AIOLE  MS  STORQ  IN  LOCAL  FILE  TAFE13 
CUE:  ltMEM  ARC  FILE.  2:RERUN  AN  ARC.  3*«0»IFY  CRI». 

^3 

REAR  »  «]>,  8  VAR.  I 

$a,xK,ne,xDo,ro9,jaoirr,vLltma 

7  <0  <0  580  200  740  444  441  0 


4i3T0R 


»  •  »  ARC  1  •  »  • 

ARC  NO.*  1  C£NTHt(X,Y>*  40.00,  500.00  D1T<X,Y>*  105.72,  484.41 

RA8,*  114.00  L0VC5T  Y-  404.00  SLICE  NO.*  It  NL*  441.00 
CASE  I  US 

FS*  5.383,  E.C.*  -.01 


»  *  «  ARC  2  «  *  • 

ARC  NO.*  2  CENTER(X.Y)*  80.00,  580.00  EXIT(X,Y)*  130.90,  475.81 
RAI.«  114.00  LONESY  T*  444.00  SLICE  NO.*  12  NL*  441.00 
CASE  I  US 

FS*  2.485,  E.C.*  .00 


•  •  •  ARC  3  •  »  * 

ARC  NO.*  3  CENTER(X,Y>*  120.00,  580.00  EXI7(X,Y>>  153.40,  440.00 
RAI.*  114.00  LONEST  Y*  444.00  SLICE  NO.*  11  NL*  441.00 

CASE  I  US 

FS*  2.208,  E.C.*  .04 


•  ••ARC  4  »  •  » 

ARC  NO.*  4  CENTER(X.Y)*  140.00,  580.00  EXITU.Y)*  103.40,  440.00 
RAI.*  114.00  LOUESY  V*  444.00  SLICE  NO.*  8  NL*  441.00 
CASE  I  US 

FS*  2.052,  E.C.*  .00 


•  ••ARC  5  •  •  » 

ARC  N0.«  5  CENYERU.Y)*  200.00,  500.00  EXIYU.Y)*  233.40,  440.00 

RAI.-  114.00  LOUESY  Y*  444.00  SLICE  NO.*  4  NL*  441.00 
CASE  I  OB 

THE  REStin  ARC  MI  CORRECT-ERROR  OF  CLOSURE  NOT  CONVERSES  ME  TO  TIC  INTER  SLICE  TENSILE  FORCE  EXIST*. 
.23 


FS*  81.221,  E.C.- 


•  •  •  ARC  im 

ARC  NO.*  i  CENTEXU.YI*  40.00,  624.00  EXITtf.YJ*  112.77,  482.01 
Ml.-  154.00  UNEST  T*  464.00  SLICE  NO.*  12  H*  441.00 
CASE  I  US 

FS*  4.340,  E.C.*  -.02 


»  •  »  ARC  Jim 

ARC  NO.*  7  CENTEX(X,Y)*  80.00,  620.00  DITlX.Yl*  135.40,  474.24 
RAI.«  154.00  LONEST  Y*  444.00  SLICE  NO.*  13  NL*  441.00 
CASE  I  US 

FS*  2.082,  E.C.*  .03 


•  ••ARC  ini 

ARC  NO.*  8  CENTER(X,Y)*  120.00,  420.00  EXITU.Y)*  150.18,  440.00 
RAI.»  154.00  UNEST  Y*  444.00  SLICE  NO.*  14  NL*  441.00 
CASE  I  US 

FS*  2.127,  E.C.*  -.04 


•  ••ARC  0  •  •  » 

ARC  NO.*  0  CENTER (X,Y>*  140.00,  420.00  aiT<X,Y>*  100.18,  440.00 
RA».*  154.00  LONEST  Y*  444.00  SLICE  NO.*  0  NL*  441.00 

CASE  I  US 

FS*  2.535,  E.C.*  .01 


•  ••ARC  10««* 

ARC  NO.*  10  CEMEXIX.Y)*  200.00,  420.00  EXIT(X,Y>*  230.18,  440.00 
RAI.*  154.00  LONEST  Y*  444.00  SLICE  M.«  4  NL*  441.00 

CASE  I  US 

FS*  341.184,  E.C.*  -.07 


•  ••ARC  lim 

ARC  NO.*  11  CEXIENX.Y)-  40.08,  440.00  EXIT<X,Y>-  118.04,  480.21 
RAI.*  104.08  LONEST  Y*  444.00  SLICE  NO.*  13  NL*  441.00 
CASE  I  NB 


FS* 


.02 


7.130,  E.C.* 


o  {  Z3 


•  ■•MIC  12  i  ■  i 

nx  no.*  12  center<x,y)*  m.oo,  **o.m  ami.ri*  m.oo,  473.01 

Ml.*  m.00  LOWEST  r*  4*4.00  SLICE  NO.*  13  NL*  4*1.00 
CASE  I  IS 

FS*  3.390,  E.C.*  .00 


•  •  •  MX  13  •  •  * 

MX  NO.*  13  CENTERIX.YI*  120.00,  i*0.00  EXIT<X,Y1*  1*3.00,  4*0.00 
Ml.*  10*.00  LOWEST  T*  4*4.00  SLICE  NO.*  14  NL>  4*1.00 

CASE  1  NS 

FS*  2.254,  E.C.*  .05 


*  *  *  NX  till* 

NX  N0.«  14  CEHTER<X,Y)*  1*0.00,  **0.00  EXITIX.Y)*  203.00,  4*0.00 

RAI.*  104.00  LOWEST  T*  4*4.00  SLICE  NO.*  11  NL*  4*1.00 

CASE  I  US 

FS*  2.244,  E.C.*  .02 


■  ■•MX  15  »  •  » 

ARC  NO.*  IS  CENTER(X,T)*  200.00,  **0.00  EXITIX.T)*  243.00,  4*0.00 
RM.*  104.00  LOWEST  Y*  4*4.00  SLICE  HO.*  5  UL*  441.00 
CASE  I  06 

THE  RESULTS  ME  NOT  CORRECT-ERROR  OF  CLOSURE  NOT  CONVERGE!  ME  TO  THE  INTER  SLICE  TENSILE  FORCE  EXISTS. 
FS*  31.407,  E.C.*  *.R5 


*  •  *  ARC  1*  *  *  * 

MX  NO.*  14  GEMIERIX.Y)*  40.00,  700.00  EXITIX.YI*  122.24,  470.70 
Ml.*  234.00  LOWEST  Y*  444.00  SLICE  NO.*  14  NL*  4*1.00 
CASE  I  US 

FS*  7.047,  E.C.*  -.01 


*  *  *  ARC  17**1 

ARC  NO.*  17  C»TER<X,Y>-  M.OO,  7M.M  EXITIX.Y)-  141.43,  472.10 
RAI.*  234.00  LOUEST  Y*  4*4.00  SLICE  NO.*  14  NL*  4*1.00 
CASE  I  NB 


FS- 


3.744,  E.C.* 


.02 


2.3 


9tr 


»  •  »  ARC  Hill 

ARC  NO.*  18  CENIBKX.Y)’  120.00,  700.00  EXIT«,Y>*  148.32,  4*9.00 
RAB.»  234.00  LOWEST  Y>  444.00  SLICE  N0.«  14  WL*  441.00 
CASE  I  US 

FS*  2.472,  E.C.*  .03 


*  i  *  ARC  Ifni 

ARC  HO.*  10  CENTER(X,Y>*  140.00,  700.00  EXITtX.Yl*  208.32,  440.00 
RAO.*  234.00  LOWEST  Y*  444.00  SLICE  HO.*  14  ML*  441.00 

CASE  I  US 

FS*  2.134,  E.C.*  .00 


•  ••ARC  20  *  •  * 

ARC  HO.*  20  CEHTER(X,Y)»  200.00,  700.00  EX1T(X,Y>>  248.32,  440.00 
RAI.*  234.00  LOWEST  Y*  444.00  SLICE  HQ.*  10  WL*  441.00 
CASE  I  US 

AT  X*  140.B4THERE  HAY  EXIST  A  Ml  MU».,  OR  SLICE, CHECK  GRAPHICALLY 
AT  X*  151.48 THERE  HAY  EXIST  A  Ml  SOUND.,  OR  SLICE, OCCX  GRAPHICALLY 


«  »  *  ARC  21  *  »  » 

ARC  HO.*  21  CEHTER(X,Y)>  40.00,  740.00  EXIT(X,Y>»  125.44,  477.43 
RAI.*  274.00  LOWEST  Y*  444.00  SLICE  HQ.*  14  WL*  441.00 
CASE  I  US 

FS-  8.720,  E.C.*  -.04 

ANALYSES  ABOVE  ARE  STORES  IN  LOCAL  FOE  TAPEU 


•  ••ARC  22  •  •  • 

ARC  NO.*  22  CENTER(X.Y)-  80.00,  740.00  EXIT<X,Y>*  143.74,  471.47 
RAI.*  274.00  LOWEST  Y*  444.00  SLICE  NO.*  IS  WL*  441.00 
CASE  I  US 

FS*  4.204,  E.C.-  .03 


•  ••ARC  23  *  •  * 

ARC  NO.*  23  <WIER<X,Y>*  120.00,  740.00  EXIT<X,Y>*  172.30,  440.00 
RAI.*  274.00  LOWEST  Y*  444.00  SLICE  NO.*  14  WL*  441.00 
CASE  I  US 


FS-  2.727,  E.C.* 


.09 


I 


■S--\  [  23 


•  •  •  ARC  24  •  •  ■ 

MC  NO.-  24  CENTERIX.Y)-  140.00,  740.00  aiTU.Yl-  212.30,  444.00 
M.>  274.00  UXEST  Y»  444.00  SLICE  NO.*  17  NL*  441.00 
CASE  I  OS 

FS*  2.2*4,  E.C.*  .04 


•  *  *  ARC  25*i* 

MC  N0.«  25  C£NTER<X,Y>-  200.00,  740.00  D1T<X,Y>*  252.30,  444.00 

Ml.-  274.00  LOHEST  Y*  444.00  SLICE  NO.-  12  ML*  441.00 
CASE  1  US 

FS*  4.712,  E.C.-  -.02 


LIST  OF  ARC/FS  FOR  LOUEST  Y*  444.00,  NO.OF  MC/FS 

1/  5.383,  V  2.485,  3/  2.208,  4/  2.452,  5/81.221,  4/  4.344,  7/  2.482,  8/  2.127,  4/  2.535,  10/mwm, 

11/  7.130,  12/  3.354,  13/  2.254,  14/  2.244,  15/31.407,  14/  7.447,  17/  3.744,  18/  2.472,  14/  2.134,  20/44.000, 

21/  8.720,  22/  4.204,  23/  2.727,  24/  2.204,  25/  4.712, 

TIE  KIN  FS  IS  2.127,  AT  CENTER  NO.  B 


ANALYSES  ABOVE  ARE  STORE*  IN  LOCAL  FILE  TAPE12 
CODEi  I:  HEM  ARC  FILE.  2: RERUN  AN  ARC.  3iH0#IFY  CRD.  4iST0F 
1  3 

REM  tCU  CRD,  8  VAR.  I 
8EL,XK,YK,XEN8,YE)0,TGLOVY,NL, ROUTER 
7  40  80  440  240  820  474  441  0 


•  •  •  ARC  1  •  •  • 

ARC  NO.-  1  CENTER<X,Y>-  80.00,  440.00  EXIT<X,Y1-  122.12,  478.83 
RM.«  184.00  UNEST  Y-  474.00  SLICE  NO.-  It  ML*  441.00 
CASE  I  US 

FS-  2.440,  E.C.-  .04 


•  •(ARC  2  •  •  • 

ARC  NO.-  2  C£NTER(X,Y>»  120.00,  440.00  EXIT(X,Y>-  134.42,  474.51 
Ml.-  184.01  UREST  Y>  474.00  Slid  NO.-  12  Ul«  441.0* 
CASE  I  MB 

FS-  1.472,  E.C.-  .15 


■  •  *  ARC  f*§» 

NO  AMALYSIS.FAIIURE  ARC  CANNOT  K  FORMULATE! 
CENTO,  <X,r»,  AT  200.00  700.00 


«  «  i  ARC  10  «fi 

NO  ANALYSIS, FAILURE  ARC  CANNOT  K  FORMULATE) 
CENTER,  (X,Y>,  AT  240.00  700.00 


•  ■  i  ARC  11  i  i  i 

ARC  NO.*  11  CENTERS, T)*  00.00,  740.00  EXIT<X,Y>*  125.03,  477.84 
RAI.«  240.00  LOWEST  T*  474.00  SLICE  NO.*  12  «.*  441.00 

CASE  1  US 

FS*  3.718,  E.C.*  .03 


•  ••  ARC  12  ii» 

ARC  NO.*  12  CENTERTX.Yl*  120.00,  740.00  EXITCX.Y)*  135.04,  474.43 
RAO.*  244.00  LOUEST  T*  474.00  SLICE  NO.*  12  HL*  441.00 

CASE  I  VS 

FS*  2.387,  E.C.*  -.03 


•  ••  ARC  13  III 

arc  no.*  13  corraix,  r>*  140.00,  740.00  exittx,y>*  131.94,  475.40 

RAO.*  244.00  LOUEST  Y*  474.00  SLICE  NO.*  9  NL*  441.00 
CASE  I  US 

FS*  1.493,  E.C.*  .00 


ill  ARC  14  »■■ 

NO  ANALYSIS, FAILURE  ARC  CAWOT  K  FORMULATES 
CENTER,  IX, Y),  AT  200.00  740.00 


•  •  •  ARC  IS  •*■ 

NO  ANALYSIS, FAILURE  ARC  CANNOT  K  FORMULA  TO 
CENTER,  (X,V),  AT  240.00  740.00 


•  ••ARC  3  »  •  » 

ARC  NO.*  3  CENTERtt,Y>»  140.00,  440.00  EXIT<X,Y»*  121.34,  474.71 
Ul.<  196.00  LONEST  V*  474.00  SLICE  NO,*  4  «.*  441.00 

CASE  I  US 

FS*  1.R20,  E.C.*  -.02 


•••ARC  4  •  *  » 

NO  ANALYSIS, FAILURE  ARC  CAM!  K  FORMULATES 
CENTER,  «,T I,  AT  200.00  440.00 


•  ••ARC  5  »  »  » 

NO  ANALYSIS, FAILURE  ARC  CANNOT  K  FORNULATO 
CENTER,  (X,Y),  AT  240.00  440.00 


•  •i«K  4  •  •  • 

ARC  NO.*  4  CENTER<X,Y>*  00.00,  700.00  OIT(X,Y)*  123.73,  471.20 
RAO.*  224.00  LONEST  U  474.00  SLICE  NO.*  11  *.*  441.00 

CASE  I  US 

FS*  3.327,  E.C.-  .00 


•  ••ARC  7  *  •  » 

MIC  NO.*  7  CENTES(X,Y>*  120.00,  700.00  EXn«,Y>*  134.07,  474.44 
HAS.*  224.00  LONEST  Y*  474.00  SLICE  N0.«  12  «.*  441.00 

CASE  I  US 

FS*  2.139,  E.C.*  .00 


•  ••ARC  0»«« 

ARC  NO.*  0  CENTER(X,Y)»  140.00,  700.00  DIT(X,Y)»  130.72,  473.41 
RAO.*  224.00  LONEST  Y*  474.90  SLICE  NO.*  7  UL>  441.00 
CASE  I  US 

FS*  1.734,  E.C.* 


,03 


'-Ar 


->  ? 


*■*  ARC  li  •  it 

arc  ».*  ia  tt«ra(x,r)*  eo.oo,  7W.00  an<x,r>*  124.07,  <77.40 
M».»  3M.ee  LOWEST  Y*  474.00  9LIU  N0.>  14  NL*  441.00 

CASE  I  US 

FS*  4.145,  E.C.*  .04 


•  ••ARC  17  •  •  » 

ARC  NO.*  17  CENTERIX.Yl*  120.00,  780.00  EXIT(X,Y>»  135.20,  474.31 
RA».»  304.00  LOWEST  Y*  474.00  SLICE  NO.*  13  NL*  441.00 
CASE  I  US 

FS*  2.440,  E.C.*  .00 


•  ■•ARC  lltli 

ARC  NO.*  18  CENTEJHX.Yl*  140.00,  780.00  DIT(X,Y)»  132.74,  475.22 
RAO.*  304.00  LOWEST  Y=  474.00  SLICE  NO.*  11  WL*  441.00 

CASE  I  US 

FS*  1.843,  E.C.*  -.08 


•  ■•ARC  If  III 

NO  MMLTS1S, FAILURE  ARC  CAMWT  K  FORNJLATE) 
CENTER,  (X,Y),  AT  200.00  780.00 


•  ••ARC  20  •  *  • 

NO  NtfLTSIS, FAILURE  ARC  CAMfOT  K  FORMULATE! 
CENTER,  a,Y>,  AT  240.00  780.00 


■  ••ARC  21  •  *  • 

ARC  NO.*  21  CENTERIX.Yl*  80.00,  >20.00  Bmi,T)«  124.02,  477.20 
RAI.*  344.00  LOWEST  Y-  474.00  SLICE  NO.*  14  NL>  441.00 
CASE  I  US 

FS*  4.540,  E.C.*  .01 


•  ■•ARC  22  •  •  • 

ARC  NO.*  22  CENIEX(X,Y>*  120.00,  820.00  EXIT<X,Y>*  135.32,  474.34 
RAO.*  344.00  LOWEST  Y-  474.00  SLICE  NO.*  13  UL*  441.00 
CASE  I  MB 


FS-  2.004,  E.C.*  -.01 


>  'rj 


•  ii  ARC  23  *  •  » 

ARC  M.«  23  CENTERU.Yl*  140.00  ,  820.00  EXITtt.Yl*  133.28,  473.03 

RA».»  344.00  LONE  ST  Y*  474.00  SLICE  NO.*  12  NL*  441.00 
CASE  I  US 

FS*  2.042,  E.C.*  .03 


i  I  i  ARC  24  •••  .. 

NO  MIALYSIS, FAILURE  ARC  CANNOT  K  FORMULATE) 
CENTER,  (X,T),  AT  200.00  820.00 


•  •■ARC  23  »  •  « 

NO  ANALYSIS, FAILURE  ARC  CAWOT  K  FORMULATE) 
CENTER,  <X,Y),  AT  240.00  820.00 


LIST  OF  ARC/TS  FOR  LOMEST  Y*  474.00, 
U  2.940,  2/  1.972,  3/  1.820, 

11/  3.718,  12/  2.387,  13/  1.493, 
21/  4.340,  22/  2.894,  23/  2.042, 


NO.OT  NtC/FS 
4/99.000,  5/99.000, 

14/99.000,  15/99.000, 
24/99.000,  25/99.000, 


4/  3.327, 
14/  4.143, 


7/  2.135, 
17/  2.440, 


8/  1.739,  9/99.000,  10/99 

18/  1.843,  19/99.000,  20/99 


TNE  NIN  FS  IS  1.493,  AT  CENTER  NO.  13 


ANALYSES  A80VE  ARE  STORE)  IN  LOCAL  FILE  TAFE11 
COSE:  1:NEM  ARC  FOE.  2sRER1M  AN  ARC.  3iH0)1FY  SRI). 

•» 


REAI  NEN  Wll,  8  VAR.  I 
BEL,XK,YK,XENI,YE)(IITCL0UYIIIL,X0UTER 
T  40  120  740  240  820  464  441  0 


4iST0P 


»  •  *  ARC  1  •  •  • 

ARC  NO.*  1  CENTER(X,Y)«  120.00,  740.00  EXn<X,Y>*  103.70,  484.40 
RA».«  234.00  UNEST  Y*  404.00  SLICE  NO.*  10  «.*  441.04 

CASE  I  «B 

F5-  2.071,  E.C.*  .02 

ANALYSES  ARE  STORE)  IN  LOCAL  FIU  TtfEll 


•  •  •  ARC  2ill 

NO  ANALYSIS, FAILURE  ARC  CANNOT  K  FORMULATE) 
CENTER,  IX, Y),  AT  140.00  740.00 


•  *  •  ARC  3ai* 

NO  ANK-YSIS, FAILURE  MC  CMMOT  K  FOMUUTO 
CENTER,  (X,T>,  AT  200.00  740.00 


Mimic  4  ■  1 1 

NO  ANALYSIS, FAILURE  MC  MOOT  K  FORHULATE# 
CENTER,  Ot,t),  AT  240.00  740.00 


»  t  »  ARC  3mi 

ARC  NO.*  S  CEMTER(X,Y)*  120.00,  780.00  EXIT(X,Y>*  105.04  ,  484.33 
RAO.*  204.00  LOME ST  Y«  484.00  SLICE  NO.*  11  ML*  441.00 

CASE  I  US 

FS*  2.320,  E.C.*  .01 


»  «  •  ARC  MM 

ARC  NO.*  4  CENTETiX.Y)*  140.00,  700.00  EXIT<X,Y>«  73.04,  404.78 

RAO.*  204.00  LONEST  T*  484.00  SLICE  NO.*  4  ML*  441.00 

CASE  I  US 

FS*  1.444,  E.C.*  .01 


*  *  •  ARC  7l«» 

NO  ANALYSIS.FAILURE  ARC  CANNOT  K  F0RHULATE8 
CENTER,  IX,T),  AT  200.00  780.00 


•  •  •  ARC  till 

NO  MWLTSIS, FAILURE  ARC  CANNOT  K  FORHULATQ 
CENTEX,  (X.ri,  AT  240.00  780.00 


•  »  •  ARC  ♦••• 

ARC  NO.*  0  CENTn(X,T)*  120.00,  820.00  EXITU,Y>.  104.00,  484.20 
RAO.*  334.00  UNESt  T»  484.00  SLICE  NO.*  It  Ml*  441.00 
CASE  I  US 

FS» 


2.575, 


E.C.* 


,01 


io  - 


t  -l 

->  / 


•  »*ARC  10  •  •  » 

ARC  H0.«  1ft  CENTER<X,Y>*  140.00,  820.00  BIT<X,Y>*  84.84,  442.51 
RAi.»  334.00  LOWEST  Y*  484.00  SLICE  N0.>  4  NL*  441.00 

CASE  I  US 

FS*  1.475,  E.C.*  .03 


•  ■•ARC  lllll 

NO  ANALYSIS, FAILURE  ARC  CANNOT  K  FORMULATE} 
CENTER,  IX, Y>,  AT  200.00  820.00 


■  ■•ARC  12  ■  ■  • 

NO  ANALYSIS, FAILURE  MC  CAMOT  K  FORMULATE) 
CENTER,  <X,Y),  AT  240.00  820.00 


LIST  OF  ARC/FS  FOR  LOUEST  Y»  484.00,  NO.OF  ARC/FS 

1/  2.071,  2/99.000,  3/40.000,  4/99.000,  5/  2.320,  4/  1.444,  7/VO. 000,  8/09.000,  0/  2.575,  10/  1.475, 

11/90.000,  12/90.000, 

THE  KIN  FS  IS  1.444,  AT  CENTER  NO.  4 


ANALYSES  ABOVE  ARE  STORE}  IN  LOCAL  FILE  TAPE12 
CO Ki  liNEV  ARC  FILE.  2iRERUH  AN  ARC.  3lN0BIFY  CRIB.  4iST0P 
7  3 

READ  NEW  CRIB,  8  VAR.  I 
BEL,XBC,YBC,XEND,YEN8,TCL0NY ,WL, ROUTER 
7  40  120  420  120  420  464  441  0 


■  •  •  ARC  1  ■  ■  • 

ARC  NO.*  1  CENTER(X,Y>*  120.08,  420.00  EXITIX,Y1*  150.18,  440.00 
RAD.*  154.00  LOWEST  7*  444.00  SLICE  NO.*  14  8L«  441.00 

CASE  I  US 

FS*  2.127,  E.C.*  -.04 


LIST  OF  ARC/FS  FOR  LOWEST  Y*  444.00,  NO.OF  ARC/FI 
1/  2.127, 

TOE  HIM  F8  IS  2.127,  AT  OUTER  NO.  1 


ANALYSES  ABOVE  ARE  STORE)  IN  LOCAL  FOE  TAFE11 
COSE i  liNEW  ARC  FILE.  2iRERUN  AN  ARC.  3lH0BIFY  CRI).  4 1 STOP 
7  2 

PGM  FILE  GCKU81  CSPIEB  TO  LOCAL  FILE  TAPE1 


•MSOIl  MMhi 


ima  mk.pt 

>1  CQC  >1  T.HU 

>2  COC  >2  T.PNI 

N0I  OCR. 

MT  KN. 

a  L  KSF 

KCF 

KSF 

KCF 

KCF 

Hi 

1  1  1M.«0 

0.0000 

.4730 

0.0000 

.4730 

.1390 

.1450 

1  2  100.00 

0.0000 

.4730 

0.0000 

.4730 

.1390 

.1450 

1  3  100.00 

8.0000 

.4730 

0.0000 

.4730 

.1390 

.1430 

IM 

2  1  100.00 

0.0000 

.7270 

0.0000 

.7270 

.1430 

.1450 

2  2  100.00 

0.0000 

.7270 

0.0000 

.7270 

.1430 

.1450 

2  3  100.00 

0.0000 

.7270 

0.0000 

.7270 

.1430 

.1450 

HI 

3  1  100.00 

0.0000 

.4230 

0.0000 

.4230 

.1030 

.1050 

3  2  100.00 

0.0000 

.4230 

0.0000 

.4230 

.1050 

.1050 

3  3  100.00 

0.0000 

.4230 

0.0000 

.4230 

.1050 

.1050 

it* 

4  1  100.00 

0.0000 

.7000 

0.0000 

.7000 

.1190 

.1190 

4  2  100.00 

0.0000 

.7000 

0.0000 

.7000 

.1190 

.1190 

4  3  100.00 

0.0000 

.7000 

0.0000 

.7000 

.1190 

.1190 

•M 

3  1  100.00 

0.0000 

.3100 

0.0000 

.3100 

.1240 

.1240 

3  2  100.00 

0.0000 

.5100 

0.0000 

.5100 

.1240 

.1240 

3  3  100.00 

0.0000 

.5100 

0.0000 

.5100 

.1240 

.1240 

'•••PROFILE 

hovt**!" 

1 

1 

4 

-12.00 

523.00 

12.00 

323.00 

53.00 

505.00 

104.00 

485.00 

151.00 

449.00 

500.00 

449.00 

2 

2 

8 

-148.00 

444.00 

-104.00 

483.00 

-53.00 

305.00 

-12.00 

523.00 

0.00 

522.00 

110.00 

440.00 

130.00 

448.00 

300.00 

448.00 

3 

3 

7 

-300.00 

444.00 

-148.00 

444.00 

•122.00 

440.00 

110.00 

440.00 

118.00 

455.00 

130.00 

448.00 

300.00 

448.00 

4 

4 

* 

-300.00 

430.00 

-140.00 

430.00 

0.00 

433.00 

118.00 

453.00 

130.00 

448.00 

300.00 

448.00 

3 

3 

4 

-300.00 

374.00 

-240.00 

373.00 

-40.00 

404.00 

0.00 

433.00 

143.00 

445.00 

500.00 

443.00 

4 

4 

2 

-300.08 

343.00 

300.00 

345.00 

coma.  vm. 

l 

NS.  OP  NCME 

mm  8 

UK  NKTA  EQC0C 

ourr  k4Ft  a  Nan 

1  1 

t 

1  3 

0.00 

0.00 

0  0 

0 

IMTi  MO,  CENTO)  X,Y 
?  ,120,620 


32  ^ 


•  *  (  MC  I  *  •  ■ 

m  *.•  1  CEHTEJKX.T)*  120.00,  *20.09  B0T«,Y>-  15Y.lt,  44Y.00 

«*».-  IS*.#*  UNCST  T»  4*4.00  SLICE  HD.»  14  K*  4*1.00 
CA8EIH6 

x  mo  y  cam.  of  sues  nusi 


-3.74 

525.00, 

-1.72 

522.43, 

0.00 

520.32, 

12.00 

507.43, 

25.*7 

405.75, 

30.33 

40*. 40, 

53.00 

470.12, 

*0.03 

472.40, 

04.17 

4*1.01, 

100.00 

4*5.10, 
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12 
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3.0 

P.B 

10.8 
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12.0 
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soa  2 
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0.0  0.0 
soa  3 

1.7 

7.8 

11.8 

13.4 

13.0 
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0.0 

0.0 

0.0  0.0 
90IL  3 

0.0  0.0 
SOIL  4 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0  0.0 
soa  4 

W0W 

0.0  0.0 
SOIL  5 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0  0.0 
SOIL  5 

••• 

0.0  0.0 
SOIL  4 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0  0.0 
soa  * 

0.0  0.0 
SOIL  7 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0  0.0 
soa  7 

0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0  0.0 

«*  PORE  HATER  PRESSURE  AM  SLICE  VT.m 

SLIC  U  IACX  U  FR'T  U  IASE  PI2  I.  PI2  F.  HT.  F.  HT.  ).  HT.KIC  HATER 
HP  KIP  RIP  ELE  FT  ELE  FT  KIP  |QP  KIP  OP 

1  0.0  0.0  0.0  4*1.0  4*1.0  0.0  .4  .4  0.0 

2  0.0  0.0  0.0  4*1.0  4*1.0  .4  .7  .0  0.0 

2  0.0  0.0  0.0  4*1.0  4*1.9  .7  2.5  10.1  0.0 

4  0.0  0.0  0.0  4*1.0  4*1.0  2.5  J.2  31.7  0.0 

3  0.0  0.0  0.0  4*1.0  4*1.0  3.2  3.*  44.1  0.0 

*  0.0  0.0  0.0  4*1.0  4*1.0  3.*  3,*  40.2  0.0 

7  0.0  0.0  0.0  4*1.0  4*1.0  3.*  3.7  51.4  0.0 

«  0.0  0.0  0.0  4*1.0  4*1.0  3.7  3.4  5*.*  0.0 

0  0.0  0.0  0.0  4*1.0  4*1.0  3.4  2.0  50.7  0.0 

10  0.0  0.0  0.0  4*1.0  4*1.0  2.0  2.0  0.2  0.0 

11  0.0  0.0  0.0  4*1.0  4*1.0  2.0  2.2  30.0  0.0 

12  0.0  0.0  0.0  4*1.0  4*1.0  2.2  1.3  27.5  0.0 

13  0.0  0.0  0.0  4*1.0  4*1.0  1.3  .3  12.5  0.0 

14  0.0  0.0  0.0  4*1.0  4*1.0  .3  0.0  1.1  0.0 
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4 
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7 
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338.00 

a 
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i 
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to 
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.48 
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u 
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12 

0.00 

0.00 
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13 

0.00 

0.00 

.48 

.48 

15.47 

15.84 
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14 

0.00 

0.00 

.48 

.48 

8.18 

8.37 

340.00 

ERROR  OF  CLOSURE  «  14.24  TRIM.  FS  >  2.5004 


ERROR  OF  CLOSURE  >  12.32  TRIAL  FS  «  2.4000 

ERROR  OF  CLOSURE  *  -.04  TRIAL  FS  *  2.1245 
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APPENDIX  E 


WAVE  ANALYSIS 
FOR 

ONONDAGA  DAM* 

El.  GENERAL 

The  wave  analysis  for  Onondage  Dam  was  accomplished  using  guidelines 
established  in  ETL  1110-2-221  -  "Wave  Runup  and  Wind  Setup  on  Reservoir 
Embankments."  A  stage-frequency  analysis  using  maximum  peak  and  dally  pool 
elevations  for  Onondage  Dam  was  done  to  determine  pool  levels  to  be  used  in 
the  design  analysis. 

E2.  POOL  STAGE  FREQUENCY  CURVES 

Pool  stage-f requency  curves  were  developed  using  maximum  peak  (or 
instantaneous)  pool  elevations  and  maximum  daily  pool  elevations  for  water 
years  1953  through  1983.  Both  the  peak  and  daily  pool  elevations  were  ranked 
from  highest  to  lowest  and  plotted  on  probability  paper.  The  plotting  posi¬ 
tions  of  the  data  was  determined  using  the  Median  Plotting  Position  Method. 
These  curves  can  be  found  on  Figure  El  and  E2.  The  data  used  for  the  fre¬ 
quency  curve  can  be  found  on  Table  El.  The  Instantaneous  and  daily  pool 
stage-frequency  curves  were  plotted  together  on  Figure  E3. 

The  stage-frequency  curve  used  in  this  analysis  was  the  curve  developed  using 
the  dally  data.  Wave  generation  depends  on  wind  speed  and  duration,  thus 
using  the  daily  stage-f requency  curve  would  provide  a  stable  pool  level  for 
wave  generation.  Using  Figure  E2,  the  100-year  daily  pool  elevation  would 
be  elevation  490.0  feet  NGVD. 

The  Probable  Maximum  Flood  (PMF)  estimate  was  re-developed  during  the  dam 
break  analysis  for  Onondaga  Dam.  The  instantaneous  peak  PMF  pool  elevation 
is  elevation  519.0  feet  NGVD.  The  pool  behind  the  Onondaga  Dam  would  be  at 
or  near  elevation  519.0  feet  NGVD  for  around  6  hours,  so  elevation  519.0  feet 
NGVD  was  used  as  the  pool  elevation  in  the  wave  analysis. 

E3.  MAXIMUM  WINDS 

The  design  wind  and  duration  was  developed  using  paragraph  3  of  ETL 
II 10-2-221:  Design  Wind  Velocity  Curves.  Using  the  regional  winds  statis¬ 
tics  found  on  Figure  2  through  9  in  ETL  1110-2-221,  the  following  wind  cri¬ 
teria  for  Onondaga  Dam  is  applicable: 

Wind  Speed 


Period 

Winter 

Spring 

Summer 

Fall 

1  Minute 

60  MPH 

55  MPH 

50  MPH 

60  MPH 

1  Hour 

40  MPH 

35  MPH 

30  MPH 

40  MPH 

•performed  by  a  Hydrologic  Investigations  Sections,  Buffalo  District 
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Since  most  of  the  peak  annual  events  occur  in  the  late  winter  -  early  spring 
months  (as  seen  in  Table  El)  it  was  decided  to  use  the  largest  of  the  two 
wind  statistics  to  develop  the  wind  velocity  duration  curve. 


Table  El  -  Maximum  Peak  and  Daily  Ponding  Elevation  for  Onondaga  Dam 
Date  (peak/daily) 


WY 

Peak 

Daily 

Date 

1953 

468.06 

467.6 

(12-12/12-11 

1954 

472.07 

471.9 

(5-4/ 5-4) 

1955 

473.  15 

472.4 

(3-2/ 3-1 ) 

1956 

476.96 

471.9 

(3-9/3-8) 

1957 

473.18 

472.8 

(1-23/1-23) 

1958 

471.9 

471.7 

(4-8/4-7 ) 

1959 

477.5 

477.4 

(1-22/1-22) 

1960 

485.9 

485.1 

(4-1/4-1) 

1961 

477.3 

472.2 

(2- 26/2-26) 

1962 

471.0 

470.4 

(3-13/3-12) 

1963 

471.0 

471.0 

(3-26/3-26) 

1964 

478.2 

476.9 

(3-6/ 3-5) 

1965 

466.8 

466.0 

(2-9/2-8) 

1966 

471.1 

471.1 

(2-14/2-14) 

1967 

464.4 

464.3 

(3-30/3-29) 

1968 

467.0 

467.0 

(6-29/6-28) 

1969 

467. 10 

467.02 

(2-212-2) 

1970 

467.28 

467.24 

(4-5/4-5) 

1971 

468.34 

468.32 

(3-19/3-19) 

1972 

480.43 

480. 1 1 

(6-24/6-24) 

1973 

469.06 

469.00 

(12-8/12-8) 

1974 

469.23 

466.79 

(4-4/ 4-5) 

1975 

477.73 

477.12 

(9-27/9-27) 

1976 

474.99 

474.10 

(4-16/4-17) 

1977 

472.89 

472.58 

(3-14/3-14) 

1978 

477.40 

477.03 

(10-18/10-18) 

1979 

483.80 

482.96 

(3-6/3-7) 

1980 

473.68 

472.85 

(3-22/3-22) 

1981 

469.16 

468.43 

(2-12/2-12) 

1982 

479.58 

478.94 

(10-29/10-29) 

1983 

475.04 

474.81 

(4-27/4-27) 
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The  raw  wind  statistics  so  far  developed  must  be  expanded  and  modified  to 
include  larger  durations  and  also  to  take  into  account  the  fact  that  wind 
travels  faster  over  water  then  land.  Using  information  provided  in 


Paragraph  3  of  ETL  1110- 
following  statistics: 

-2-221,  the  raw 

data 

can  be  modified  to 

produce 

the 

Wind  Duration 

Percent  of 

1 

1  Hour 

(Hours) 

Hour  Velocity 

(mph) 

Velocity  (mph) 

Velocity 

(mph) 

1 

100 

40 

40 

2 

96 

40 

38 

3 

93 

40 

37 

4 

91 

40 

36 

6 

88 

40 

35 

Before  the  wind  velocity  -  duration  curve  can  be  adjusted  to  reflect  the  dif¬ 
ference  in  wind  speed  over  water  to  wind  speed  over  land,  the  effective  Fetch 
(Fe)  must  be  calculated. 


The  effective  Fetch  (Fe)  was  calculated  using  the  guidelines  in  paragraph  4 
of  ETL  1110-2-221,  Effective  Water  Fetch  (Fe)  for  Wave  Generation.  Wind 
generated  waves  are  influenced  by  both  the  direction  of  the  wind  and  the 
distance  the  wind  blows  over  the  surface  of  the  reservoir  or  the  fetch. 

Since  inland  reservoir's  shorelines  are  generally  narrower  then  open  water,  an 
effective  Fetch  (Fe)  concept  was  use  to  compensate  for  the  smaller  waves 
found  on  reservoirs.  The  Fe  adjustment  is  based  on  drawing  radial  lines  from 
the  dam  embankment  to  various  points  on  the  reservoir  shoreline.  The  radlals 
are  of  equal  adjustment  and  encompass  an  area  of  45°  on  each  side  of  the 
central  radial.  Five  independent  Fe  calculations  were  done  for  the  reser¬ 
voir.  The  Fe  resulting  from  these  calculation  ranged  between  2,900  feet  to 
3,950  feet.  Since  maximum  wave  heights  depend  on  the  maximum  effective 
fetch,  a  Fe  of  3,950  feet  was  chosen  for  design  purposes.  The  Fe  calcula¬ 
tions  for  the  Fe  of  3,950  feet  can  be  found  on  Figure  E4. 

The  Wind  Velocity  Ratio  (velocity  over  water/velocity  over  land)  for  a  fetch 
of  3,950  feet  or  a  .75  miles  is  approximately  1.11.  The  wind  velocity- 
duration  curve  was  then  adjusted  for  this  ratio  and  is: 


Wind  Duration 

1  Minute 

1  Hour 

2  Hours 

3  Hours 

4  Hours 
6  Hours 


Wind  Velocity 
Over  Land 


60  MPH 
40  MPH 
38  MPH 
37  MPH 
36  MPH 
35  MPH 


Wind  Velocity 
Over  Water 


67  MPH 
44  MPH 
42  MPH 
41  MPH 
40  MPH 
39  MPH 


This  wind  velocity-duration  curve  can  be  found  on  Figure  E5. 


The  wind  velocity  and  duration  parameters  that  are  needed  to  calculate  wave 
height  are  found  at  the  intersection  of  the  regional  wind  velocity-curve  deve¬ 
loped  above  and  the  wind  velocity  duration  curve  for  a  .75  mile  fetch  of  open 
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water.  The  wind  velocity  duration  curve  for  the  .75  mile  fetch  is  calculated 
using  Figure  11  from  ETL  1110-2-221.  This  curve  is  as  follows: 


Wind  Duration 


Wind  Speed 


25  Minutes 
20  Minutes 
15  Minutes 


13.5  MPH 
22  MPH 
43  MPH 


This  curve  is  then  plotted  on  Figure  E5.  The  intersection  of  this  curve  and 
the  regional  wind  velocity  -  duration  curves  gives  you  the  wave  design  para¬ 
meters  of  wind  velocity  and  duration  for  Onondaga  Reservoir.  The  intersec¬ 
tion  of  the  two  lines  is  at  a  wind  velocity  of  52  MPH  and  a  wind  duration  of 
14  minutes. 


E4.  WAVE  HEIGHT 

Using  the  design  wind  of  52  mph  and  a  wind  duration  of  14  minutes,  the 
design  "significant  wave"  height  (Hs)  would  be  approximately  2  feet  (using 
Figure  11  of  ETL  1110-2-221).  This  wave  height  is  for  the  deep  water  con¬ 
dition.  To  see  if  deep  water  conditions  are  prevalent,  the  criteria  that 
depth  of  water  be  greater  then  1/2  the  wave  length  must  be  met.  The  wave 
length  can  be  calculated  using  the  equation: 

L  =  5.  12  (T)2 

where:  L  =  wave  length 

T  =  wave  period. 

The  wave  period  can  be  calculated  by  using  Figure  12  of  ETL  1110-2-221. 

Using  this  figure,  the  wave  period  is  approximately  2.6  seconds.  The  wave 
length  would  then  be  35  feet.  The  average  depth  of  the  Onondaga  Reservoir 
with  a  full  pool  is  20  feet.  Thus  20  >  1/2  (35),  deep  water  conditions  are 
met.  The  average  depth  of  the  reservoir  pool  that  is  in  the  effective  fetch 
range  is  probabley  greater  then  20  feet.  This  is  because  the  reservoir  is 
generally  deeper  in  the  area  near  the  dam  then  the  areas  in  the  upper  part  of 
the  pool  area.  The  maximum  fetch  length  is  around  the  dam  area,  not  the 
upper  pools  of  the  reservoir  (See  Figure  E4). 

This  wave  height  of  2  feet  would  be  applicable  over  a  range  of  reservoir  pool 
levels.  The  shoreline  prevalent  in  the  maximum  fetch  area  has  relatively 
steeps  sides.  Thus,  an  increase  in  pool  elevation  does  not  increase  pool 
size  in  this  area,  thus  the  effective  fetch  would  remain  the  same. 

E5.  WAVE  RUNUP 

The  Shore  Protection  Manual  defines  wave  runup  as  "The  rush  of  water  up  a 
structure  or  beach  on  the  breaking  of  a  wave.  Also,  Uprush.  The  amount  of 
runup  is  the  vertical  height  above  Stillwater  level  that  the  rush  of  water 
reaches."  The  wave  runup  for  Onondaga  Dam  was  calculated  by  using  the  guide¬ 
lines  In  Paragraph  5  -  Wave  Runup  of  ETL  1110-2-221. 


The  wave  runup  (vertical  height)  was  calculated  by  using  equation  2  of  ETL 
1 1 10-2-221 .  This  equation  is: 


rs/Hs  «  (.4  +  (Hs/Lo)  COT  0) 

Where:  Rs  »  wave  Runup 

Hs  -  wave  height  =  2  feet 
L0  •  wave  length  =  35  feet 

COT  0  =  COT  of  angle  of  side  slope  of  embankment  -  1.5 
Rs/2  =  (.4  +  (2/35)  1.5)  "1  =  1.32 

Rs  =  1.32(2)  =  2.64  feet 

Since  equation  2  uses  the  significant  wave  height  (Ha)  in  it's  calculation, 
the  amount  of  wave  runup  is  understated.  This  is  due  to  the  fact  that  13 
percent  of  the  waves  in  the  wave  train  will  be  higher  then  the  significant 
wave  height.  To  compensate  for  this,  it  is  assumed  (ETL  1110-2-221)  that 
the  wave  heights  higher  then  the  significant  wave  height  would  Increase  wave 
runup  by  50  percent.  Thus,  the  maximum  runup  (Rq)  would  be: 

Ro,  =  1.5  Rs  =  1.5  (2.64)  »  3.96  feet  4  feet 

E6.  WIND  SETUP 

The  Shore  Protection  Manual  defines  wind  setup  as  "The  vertical  rise 
in  the  still  water  level  on  the  leeward  side  of  a  body  of  water  caused  by 
wind  streses  on  the  surface  of  the  water.”  The  wind  setup  for  Onondage  Dam 
was  calculated  using  Equation  3  of  ETL  1110-2-221.  This  equation  is: 

S  =  U2F/1, 400(D) 

Where:  S  *  Wind  Setup 

U  »  Design  wind  velocity  »  52  MPH 
F  -  Fetch  »  2  X  Fe  =  1.50  miles 

D  »  Average  water  depth;  for  100-year  pool  elevation  *>  15.1  feet 
for  PMF  pool  elevation  =  23  feet 

Using  the  100-year  pool  elevation,  the  wind  setup  would  be  .20  feet,  using 
the  PMF  pool  elevation,  the  wind  setup  would  be  .13  feet. 

E7.  DESIGN  HEIGHTS 

The  maximum  vertical  distance  embankment  protection  is  required  would 
be  the  sum  of  the  Stillwater  pool  elevation,  the  wind  setup,  and  wave  runup. 
For  the  100-year  pool  event,  this  elevation  would  be  elevation  494.2  feet 
NGVD.  For  the  PMF  event,  the  pool  level  would  be  elevation  523.13  feet  NGVD. 
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INSTANTANEOUS  Q  INSTANTANEOUS 


INSTANTANEOUS  AND  DAILY 
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ONONDAGA  DAM,  NY 


SLOPE  PROTECTION  CALCULATIONS 
APPENDIX  F 


U.S,  Army  Corps  of  Engineers,  Buffalo  District 
1776  Niagara  Street 
Buffalo,  NY 


ONONDAGA  DAM,  NY 


SPILLWAY  STABILITY  ANALYSIS 
ATTACHMENT  NO.  1 


U.S.  Army  Corps  of  Engineers,  Buffalo  District 
1776  Niagara  Street 
Buffalo,  NY 


NCDED-T  (5  Mar  79)  1st 

SUBJECT:  Periodic  Inspection  Report  No.  3,  Onondaga  Dam,  Cnondaga 
Creek,  NY 

DA,  North  Central  Division,  Corps  of  Engineers,  536  South  Clark  Street, 
Chicago,  Illinois  60605  '?•  >  19/9 

TO:  District  Engineer,  Buffalo 

1.  The  subject  Periodic  Inspection  Report  is  approved. 

2.  Copies  of  the  original  1945  stability  analysis  are  not  considered  a 
satisfactory  update  of  embankment  stability  in  accordance  with  current 
standards.  Recompute  and  resubmit  this  analysis  prior  to  the  next 
scheduled  periodic  inspection. 

3.  It  will  be  important  to  monitor  the  observed  seepage  (page  4,  paragraph 
8b)  during  periods  of  high  pool. 

FOR  THE  DIVISION  ENGINEER: 


wd  incl  DONALD  J.  LEONARD 

Acting  Chief,  Engineering  Division 

Copy  furnished: 

DAEN-CWE-BB,  w/cy  of  bsc  and  incl 


NC3ED-DM 


5  March  1979 


SUBJECT:  Periodic  Inspection  Report  No.  3, 
Onondaga  Dan,  Onondaga  Creek,  NY 


Division  Engineer,  North  Central 
ATTN:  NCDED-T 


1.  Request  approval  of  the  attached  document. 

2.  Enclosed  arc  five  copies  of  the  "Periodic  Inspection  Report  Ho.  3 
Onondaga  Dam  Onondaga  Creek,  NY"  dated  9  Novenber  1973. 


Incl. 

as 


DONALD  M.  LIDDELL 

Chief,  Engineering  Division 
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